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Abstract 
Abstract 
Asian noodle products are popular foods and a variety of forms have been developed 
over a period of many centuries. With increasing globalisation and a desire for 
convenience, there has been a lack of scientific knowledge concerning the nutritional 
value and the roles of these widely consumed foods to human health and well-being. 
Accordingly, the purpose of this research has been to extend existing knowledge in this 
area, by investigating strategies that might enhance the potential contributions of these 
staple foods. 
Within these broad aims, the role of pulse grains as ingredients has been studied along 
with the protein content and stability of vitamins, and ways in which the retention of 
some of these essential nutrients might be enhanced. Following preliminary evaluations, 
Chinese Hokkien style noodles was selected as the focus of this investigation. In 
particular, this noodle represented greater challenges in formulation and provided 
conditions most likely to impact directly upon the protein content and vitamin stability.  
There is always some nutritional loss during noodle processing and one of the processes to 
substitute these losses is by utilising the technique of microencapsulation to withstand 
harsh processing conditions. In this thesis, within the timeframe of current study, thiamin 
(vitamin B1) and riboflavin (vitamin B2) were selected for the process of 
microencapsulation, and to investigate the integrity and stability of the microcapsules used 
on noodle processing.  
Microencapsulation techniques were compared and applied to vitamin B1 and B2. A 
series of hydrocolloid wall materials were compared and effective microencapsulation 
was achieved by using spray drying.  The resulting microcapsules were characterised 
using scanning electron microscopy and uniform particle sizes, along with good capsular 
integrity that was achieved through a mix of a variety of encapsulating agents with the 
vitamins. Among the issues investigated were the impact of pH, temperature of treatment, 
flow rates and other parameters of spray drying, relatively high yields of capsular 
material and also recoveries of the vitamins. 
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Simultaneously, optimum formulations through mixture of blends on pulse flours, ranging 
from mung bean, chickpea, yellow lentil and soybean as partial replacement of wheat flour 
was achieved. The resulting microcapsules were then incorporated with the final noodle 
mixture (dough that was achieved through repeats of mixing, sheeting and cutting).  
Various cooking methods were also applied here to further compare the vitamin and 
protein contents in the cooked noodles. The aim of the selected cooking method was to 
further assist in retaining these nutritive values of the product. The noodle product was 
then evaluated for the protein and vitamin contents from the impact of varying effects of 
processing, high pH and heat treatments. The final product was tested for protein content, 
vitamins, texture, pH and taste. The noodles were vacuum packed in batches, undisturbed, 
and refrigerated (< 4°C) for shelf life testing over the period of three weeks. 
In conclusion, the optimised conditions of formulations, processing, and vacuum packaging 
stored at refrigerated condition, effectively ensured excellent shelf life characteristics of the 
noodle product, provided optimum protein and vitamin contents and desired taste to 
consumers.  
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 Chapter 1   
 Introduction  
The purpose of this chapter is to provide a very brief overview of the research program 
described in this thesis which aimed to explore ways of enhancing the nutritional 
characteristics of Asian noodles prepared from wheat. This study encompasses the 
incorporation of pulse flours into the formulations along with investigations of B-group 
vitamins, thiamin (B1) and riboflavin (B2), their microencapsulation and the stability of 
the vitamins. The project has been developed on the basis of the following issues:   
• It is thought that noodles originated in China at least 1,200 years ago. From there
noodles have spread in popularity so these products are now one of the major uses for
wheat produced globally;
• A number of distinct styles of noodles are popular in Asia and these include the
traditional yellow alkaline types, the white salted styles and the newer instant noodle
products;
• Today, consumer preferences vary widely on a regional basis in various countries. In
Australia, Asian noodles are increasingly popular in supermarkets as they are
delicious, quick and convenient as well as being easy to prepare for busy households;
• In recent years researchers have investigated the importance of ingredient
formulation as well as processing of Asian noodle products. A range of novel
ingredients can be incorporated during manufacture and this influences product
quality, particularly the colour and texture which influence consumer appeal;
• Less research has been directed towards an understanding of the contribution of
noodles to nutritional status, along with the health and well-being of the many
consumers for whom noodles are either a staple or at least a significant component of
the diet;
• Noodles prepared from wheat flour are lacking in certain amino acids particularly
lysine and tryptophan. Pulse grains are known to be richer, both in overall protein
content and in the amino acids lacking in cereal flours, and this aspect of pulse
utilisation in noodle formulations warrants further investigation;
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• Another major issue highlighted in recent research is that during food processing,
there is often an extensive loss in vitamins. Wheaten products potentially represent a
major source of the B group vitamins, and there is increasing evidence that a large
proportion of these vitamins are lost during grain milling and also in the processing
of Asian noodles;
• One of the ways in which vitamin stability and retention might be enhanced is
through the application of some form of coating. Microencapsulation is a process
which has the potential to protect sensitive food components, and may also facilitate
controlled release when favourable conditions occur including during subsequent
digestion of food; and
• Furthermore, there are many variations in the specific processing steps applied
during manufacturing as well as storage of Asian noodles. Shelf-life or storage
procedures also affect the appeal and safety of noodle products. Relatively little
research has focused upon the factors influencing the period over which fresh
products can be stored.
From a thorough review of the current knowledge of Asian noodles and their significance 
globally, the research described in this thesis is based upon the hypothesis that new 
approaches to formulation and processing might be developed so that nutritional 
characteristics along with the sensory attributes of noodles might be enhanced.   
This project investigated formulation and processing along with microencapsulation 
strategies which are able to enhance the protein content of noodles, the retention of 
selected B-group vitamins, as well as the shelf-life of noodles.   
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Chapter 2 
Background and literature review:   Asian noodles 
The purpose of this chapter is to provide background on these important foods, including 
the distinction between noodles and pasta products. In addition, current knowledge on 
noodles is reviewed and recent research and developments used in the noodle processing 
industry are described.    
2.1   Background and history  
Noodles are generally described as pasta products and they are among the most 
significant end uses of wheat globally. It has long been thought that noodles originated 
in China somewhere between 1,200 and 2,000 years ago (Fu 2008; Hou 2001). Recent 
archaeological evidence indicates that noodle products were being consumed in 
Northern China more than 4,000 years ago (Lu and others 2005). Today they are a 
staple food globally, continuing to be widely available in China, where more than 50% 
of wheaten products are consumed in the form of noodles.    
There are now many different types and styles of noodles and these have developed as 
the products spread throughout Asia. Whilst the focus of this thesis is upon wheaten 
noodles, it is noted that flours from different grains and other plants are also widely 
used in noodle production. These other sources include rice, peas, mung bean, potato, 
other pulses, sorghum, buckwheat, oats, maize and cassava (Fu 2008, Lu and Collado 
2010; Tian 1998; Zaigui and Hongzhuo 2009).    
Following the introduction of instant and other precooked types of noodles, with their 
relatively short cooking requirements and ready availability, they are increasingly being 
adopted as a convenience food worldwide to accommodate busy lifestyles. In Australian 
supermarkets nowadays, in addition to various fresh pasta products, the most commonly 
found fresh noodles are the yellow alkaline type known as Hokkien noodles. These have 
gained popularity as a very saleable product alongside other popular types of noodles on 
supermarket shelves.   
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2.2   Noodles and their characteristics   
As Asian forms of noodles have become increasingly available worldwide there has 
often been confusion about these, and how they might differ from pasta products. The 
primary distinction between pasta and noodles relates to the type of wheat (Triticum 
spp) used: pasta is traditionally made from durum wheat (T durum) which has 
particularly hard grains, whereas Asian noodles are prepared from common (bread) 
wheat (T aestivum L), for which the grains are not as hard. The key distinctions between 
pasta products and Asian noodles are summarised in Table 2.1.    
Table 2.1 A comparison of the ingredients and methods used during 
processing of  durum pasta and Asian noodles    
Note    Information taken from Small (2003) 
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 Based upon the colour of Asian wheaten noodles, traditional products are generally 
divided into two classes – the white salted style and yellow alkaline noodles. The 
primary factor which results in the distinct appearance of the two types is the nature of 
the salts used as ingredients in the product formulation. Whereas common salt (NaCl) is 
added for white salted products, it is the use of one or more alkaline ingredients that 
give the alkaline noodles their characteristic yellowness. In other ways, particularly 
regarding the processes applied in manufacture, the two are similar. The major classes 
of Asian noodles are briefly described in Table 2.2.    
Table 2.2   A comparison of the major classes of Asian noodles   
General class   
Salted   Alkaline   
Colour   white or creamy white   Yellow   
Major raw materials    flour, water, sodium chloride   
flour, water, alkaline salts 
including sodium carbonate   
pH of noodles   5.0 – 6.0   9.0 – 11.0   
Organoleptic   soft, elastic texture   firm, elastic texture   
 Note :  Information based on various sources, particularly Fu 2008; Hou 2001; Moss and others 1986 
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2.2.1  Effect of alkali on Asian noodles  
The alkaline solution traditionally used in noodle manufacture is also known as kansui or 
lye water and this normally a mixture carbonate salts prepared in water. It is incorporated 
into the formulation at a loading of approximately 1.0 - 1.5% w/w and optionally may 
include the addition of 0.3% w/w sodium hydroxide. The presence of these alkaline salts 
gives rise to the unique yellow colour, aroma, flavour, firmness, and elasticity of the 
noodles.  
Another effect is that they also modify the dough characteristics, as well as the starch 
pasting and cooking properties. It has also been reported that addition of alkali increases 
water absorption and decreases the mixing requirement of wheat flour doughs (Moss and 
others 1986). Doughs become tougher and less extensible with the addition of alkaline 
reagents including sodium and potassium carbonate.    
The alkaline solution may be prepared with a variety of ingredients, and combinations 
may also include sodium and potassium bicarbonates and phosphates. This may 
depend upon specific local preferences, and in some countries the restricted use of 
sodium hydroxide may also be permitted.  
If the level of this latter ingredient is too high, adequate gluten development does not 
occur (Moss and others 1986) and noodles becomes much less elastic. The dough and 
noodles properties resulting from the use of either salt or alkali treatment are compiled 
in Table 2.3.    
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Table 2.3    A comparison of the effects of salt or alkali treatment on dough and  
noodle properties    
 Addition to dough (% of flour weight) 
Na2CO3 
+ K2CO3 
(0.6: 0.4 
%) 
Na2CO3 
+ K2CO3 
(0.9: 0.1 
%) 
NaOH 
(0.3%) 
NaOH 
(1.0%) 
NaCl 
(1.0%) 
Viscograph data      
Start of gelatinisation (min) 34.5 35.9 36.7 28.0 33.0 
Temp (°C) 82 84 85 72 79.5 
Pasting Peak (BU) 1233 1240 1089 1785 784 
Time (min) 43.2 43.1 42.9 37.5 40.6 
Temp (°C) 95 94.6 94.3 86 91 
Farinograph data      
Water absorption (%) 62.0 61.4 67.6 70.9 59.8 
Development time (min) 5.3 3.4 3.5 1.4 6.2 
Breakdown (BU) 39 60 103 155 53 
Extensograph data      
Max resistance (BU) 744 738 - - 391 
Extensibility (cm) 13.5 12.9 - - 19.7 
Raw noodle pH 10.0 9.9 10.0 11.4 6.2 
Cooked noodle properties      
Water uptake (%) 118 119 115 112 92 
pH 9.8 9.8 9.5 10.4 6.7 
Optimum cooking time (min) 4.0 4.0 4.1 4.3 2.1 
    
Note      Information based on average of five flours on an as is moisture basis (Moss and others 1986)    
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2.2.2  Noodle colour and darkening issues    
    
Considerable research has provided explanatory evidence for the observation that 
salted noodles are cream and white in colour whereas alkaline noodles are yellow. The 
natural colour of noodles, without addition of alkaline or other ingredients, arises from 
the naturally occurring flavones in flour, identified as apigenin-glycosides 
(Asenstorfer and  others 2006; Wijaya and Mares 2012). These components are 
colourless at acidic pH values typical of those in flour and salted doughs and are 
present in relatively large amounts in the germ and bran regions of the grain. The 
degree of yellowness that develops in alkaline doughs is dependent on the particular 
alkaline ingredient used in processing as well as the yellow pigment content of the 
flour (Miskelly 1984).    
It has been reported that the level of flavones is dependent upon the rate of flour 
extraction. The lower the extraction rate, the less flavone is detected, resulting in a 
lower degree of yellowness following noodle production. During noodle production, 
apigeninglycosides are detached from starch and become yellow under alkaline  
conditions. Therefore, increasing the germ and bran level in flour milling will 
increase the  yellowness in noodle production. Apart from these, other factors like 
protein content, combination of salts and different types of wheat flour, and other 
ingredients added to the noodle dough affects the final colour (Moss 1984). It is also 
known that enzymatic browning may contribute to the darkening of noodles (Baik 
and others 1994; Mares and Campbell 2001).    
  
    
 2.3   Types of noodles    
    
A variety of factors have been identified as important in the production of  Asian 
noodles including the protein content and quality; the hardness and milling properties 
of the wheat; the starch characteristics (including the amylose-amylopectin ratio) as 
well  as pigmentation and discolouration, all of which influence the appeal of  the 
products (Baik and others 1994; Fu 2008). The different types of Asian wheaten 
noodles include Hokkien, instant, white salted, Cantonese, udon, and a range of other 
yellow alkaline products (Zaigui and Hongzhuo 2009). In some cases these forms 
developed and became differentiated as a result of strong regional preferences for 
particular products. The first instant noodles were introduced more than fifty years 
ago, and new packaging of styrofoam cups and bowls were developed to 
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accommodate these products (Nagao 1996, 1998). Eventually, the increasing demand 
in the instant noodle market became very widespread globally and these noodles 
became an important component of the diet for many consumers.    
A variety of methods have developed over the centuries for noodle making and 
processing (Hou and others 2010). Depending on the approach adopted, noodles can 
be categorised as fresh, dried, boiled, steamed and instant types. However, for all of 
these noodles, the primary steps are similar, involving mixing of ingredients (wheat 
flour, salt and water), resting, sheeting and cutting. Noodles that are sold directly after 
being processed in this way are known as fresh noodles. They are usually dusted with 
starch or fine flour immediately after the cutting process to prevent the strands from 
sticking to each other during handling and transportation. Noodles can also be 
processed further by drying, boiling, steaming and frying.  
Figure 2.1    Summary of procedures for preparation of Asian wheaten noodles 
Based upon information from Hou (2001) and Zaigui and Hongzhuo (2009). 
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Dried noodles are produced from raw wet noodles that have undergone a controlled 
drying process, whereas boiled noodles are precooked in boiling water. Steamed  
noodles are produced by treating fresh noodles with steam. Instant noodles are 
prepared first by steaming the noodles and thereafter dehydrated, typically by a deep 
frying process. The processes involved in the manufacture of different types of 
noodles are briefly summarised in Figure 2.1.    
2.3.1 Yellow alkaline noodles  
These noodles have a bright, clear yellow colour, with a firm, chewy texture and a 
smooth surface. The degree of yellowness depends upon regional preferences. It is  
noted that the terms ‘Chinese noodles’ and ‘yellow alkaline noodles’ tend to be used 
interchangeably in the literature. However, in this thesis, the term yellow alkaline has 
been adopted because such noodles are popular in most countries in Asia and 
wherever Asian noodles are consumed. An example of a common form of yellow 
noodles is presented in Figure 2.2.    
 Figure 2.2   The typical appearance of yellow alkaline noodles  
(source of image: Durack 1998)    
Different types of noodles vary according to the method of processing and the 
ingredients. Medium or hard wheats that contain approximately 11 to 13 % protein, or 
higher, are used to produce yellow alkaline style noodles (Wrigley 1994). In Australia, 
the Prime Hard wheats from Queensland and northern New South Wales are suitable 
for this purpose as they provide a semi-strong flour when mixed with water and 
alkaline salts (Simmonds 1989). It has been suggested that the alkaline conditions (pH 
9-11) in the product inhibit enzyme activity and cause the flour pigments, flavonoids,
to change to a yellow colour. This results in the desirable bright yellow colour and
gives products having favourable strength and palatability (Lorenz and others 1994).
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There are different forms of yellow alkaline style noodles including: fresh noodles 
(Cantonese noodles) having a moisture content of 32-35 %; wet or boiled noodles 
(Hokkien style) about 52 % moisture; steamed and dried noodles approximately 10 % 
moisture; as well as the newer steamed and fried noodles (instant noodles) having 
about 8 % moisture content (Simmonds 1989). These particular types are now 
discussed individually.    
      
2.3.2 Hokkien noodles    
    
Hokkien noodles are a popular form of Chinese noodles and their preparation involves 
partial cooking for a period of 1-2 minutes. Among the optional ingredients, oil and 
sorbitol are often added together with emulsifiers (Shelke and others 1990). The 
typical appearance of Hokkien noodles is shown in Figure 2.3. The production process 
has been described (Miskelly and Moss 1985; Moss 1984) and is summarised in 
Figure 2.4.    
    
    
                       
Figure 2.3 The typical appearance of Hokkien noodles    
(source of image: Durack 1998)    
    
    
Mixing → combining/pressing → resting →    
    
→ sheeting/reduction → cutting → boiling →    
    
→ rinsing → draining → oiling →    
    
→ cooling → packaging    
Figure 2.4 The process used in the production of Hokkien noodles    
(Miskelly and Moss 1985; Moss 1984)    
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Traditionally, in the transfer operations, noodles were cut to length before batchwise 
boiling for 30-60 sec and rinsing by immersion in tap water, while uncut noodles were 
passed through a boiling water bath for 30-40 sec before rinsing. The water quality in 
the bath is of prime importance, as there may be accumulation of starch, dextrins, 
alkaline salts and other factors resulting in cooking losses and an increase in the 
stickiness of noodle  surfaces due to higher pH.    
    
  
2.3.3 Cantonese noodles    
    
The preparation of raw Cantonese noodles is similar to that used for the other types of 
alkaline noodles except in regards to the cutting, and hence the size of the noodles is 
different as shown in Figure 2.5.    
    
    
    
    
Figure 2.5    The appearance of Cantonese noodles    
    
    
    
2.3.4 Instant noodles    
    
Instant noodles, as illustrated in Figure 2.6, are typically produced by a fully 
automated process (Kim 1996a; Kubomura 1998). This involves steaming and deep 
frying prior to packaging in either a polyethylene bag or styrofoam cup. During 
processing, the noodles are cut, formed into a waved arrangement, precooked with 
steam, formed into individual servings, and then deep-fried. Hence, they are 
characterised by relatively low moisture contents (5-8 %), but high fat levels (often 
exceeding 20 %). The fat content introduces a taste distinct from that of other noodles 
(Hoseney 1994) but renders the food susceptible to oxidative rancidity, thereby 
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limiting the shelf life to 5-6 months (Kim 1996b). These products are manufactured in 
many countries, having universal and increasing popularity (WINA 2015).    
Figure 2.6    An example of packaged instant noodles   
2.3.5 White salted noodles  
Soft and elastic textures as well as a uniform white appearance are the traditional 
characteristics of white salted noodles. Again, these products are often referred to as 
Japanese style noodles in the literature.    
2.4   Noodle formulation and the processing steps  
The pH of these noodles is typically close to a neutral value of 7.0 (Moss and others 
1987). Medium strength flour with 9.0-9.5 percent protein is suitable for white salted 
noodles (Simmonds 1989). There are four sizes of noodle strands: very thin (somen), 
thin  (hiyamugi) and standard (udon) as illustrated in Figure 2.7, plus  flat noodles 
(hira- men). In the marketplace, the noodles can be sold as uncooked wet noodle 
(nama-men), dried noodles (kan-men), boiled noodles (yude-men), steamed noodles 
(mushi-men), frozen boiled noodles and instant noodles (Nagao 1996). One type of 
white salted noodle popular in Japan is made from a combination of buckwheat flour 
and wheat flour and these products have a light brown or gray colour (Nagao 1996).   
In the manufacture of the various styles of Asian noodles from wheat flour the same 
processes are applied (Figure 2.1, Huang 1996a, 1996b; Corke and Bhattacharya 
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1999). One of the ways that the various styles are differentiated is through 
formulation, including the type of flour as well as other raw materials used. 
Somen   Udon   Buckwheat   
Figure 2.7 Some common forms of white or Japanese noodles 
Source:   Durack 1998    
2.4.1 Selection of ingredients  
Typically, noodle processing includes flour, water, salt, kansui (an alkaline agent) and 
other raw materials. Inclusion of alkaline salts provides the characteristic aroma, 
flavour, yellow colour, elasticity and firm texture to the noodles. Other minor 
ingredients used for Asian noodle products are guar gum, various phosphates, 
riboflavin, canola oil and sorbitol in the presence of emulsifiers (Nagao 1996).    
2.4.2 Mixing  
Horizontal mixers are commonly used for mixing the noodle dough for about 10-15 
minutes. In the noodle dough, proteins are not separated from the starch granules 
during mixing. The microstructure resembles that of compacted flour (Moss 1982) as 
many endosperm particles are clearly discernible due to the relatively low moisture 
content of noodle dough. The purpose of mixing is to uniformly distribute the 
ingredients and to hydrate the flour particles. Because the dough is mixed with a 
limited amount of water very little development of the gluten network occurs until the 
dough is passed through the rollers to reduce the thickness (Kim 1996a and 1996b).    
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2.4.3 Sheeting and combining  
Portions of the resultant crumbly material are then combined to form dough pieces and 
these are then passed through a pair of sheeting rolls (typically approximately 180mm 
diameter) to form noodle sheets. Two of these sheets are then combined and passed 
through a second set of rolls (240mm diameter). This process is repeated until 
formation of the gluten network is complete (Nagao 1996). The combined sheets are 
rested to mature for a period of up to an hour. This results in softening of the dough 
sheet in preparation for subsequent rolling steps. Generally, for optimum quality, the 
sheets are rested for 15- 30 minutes.     
2.4.4 Rolling and cutting  
The sheets are then passed through a series of rolls (Figure 2.8), typically three to five 
pairs, with each successive pair being set to a narrower gap. Following this, the rolled 
sheets are then cut (Figure 2.9) into noodle strands of the desired width, which 
typically range from 0.6 to 6.0mm. The cut noodles can then be further processed.    
Figure 2.8 A commercial noodle processing plant in Asia showing a dough sheet 
passing through successive sets of rolls followed by a cutting step and steaming 
prior to packaging    
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2.5    Quality of noodles  
Texture is of primary importance among the various quality factors for oriental 
noodles. Starch and protein play a major role in contributing to the textural 
characteristics of noodles (Lee and others 1987; Ross 2006). Furthermore, the two 
most distinctive aspects of the noodles are appearance and eating quality. The primary 
criterion for consumer acceptance is the eating quality which concerns the softness, 
tenderness, elasticity and thickness of the noodles (Jeffers and others 1979).    
Figure 2.9 The use of a set of cutting rolls to form noodle strands from a dough 
sheet using laboratory scale processing equipment    
2.5.1 Quality evaluation  
Texture can be evaluated using an Instron Universal Testing Machine (IUTM) or other 
similar instruments which compress a sub-sample of the product (Ross 2006) and the 
results are often expressed in terms of firmness and chewiness of the noodles. It can 
also be desirable to test the sensory attributes of noodles using panels of individuals, 
although it has been reported that the backgrounds of panel members can directly 
influence the validity of the results and conclusions of such testing for Asian noodle 
samples (Wills and Wootton 1997).   Colour evaluation is also important, reflecting 
the emphasis placed upon aspects of product appearance by consumers in Asian 
countries (Fu 2008). Most commonly chromameters are used for evaluation with 
results being expressed in terms of the L*, a*,  b* system (Hutchings 1999). Again, 
visual assessment is of value as it can provide a subjective way to detect the presence 
of bran specks which detract from the uniform, clean appearance of the product.   
Chapter 2 
17 
2.6   Selection of wheat flour for noodle processing  
Flour quality factors can be divided into three groups and the interactions of these are 
also important (Pomeranz 1987):    
• Those associated with the wheat grain as a result of the genetic makeup of the
particular variety or cultivar;
• Those brought about by the influence of growing conditions, encompassing
weather and climatic factors as well as the soil characteristics particularly
fertility;
• Those that might be altered as a result of the process of converting the wheat
into  flour.
There is now a considerable body of research which provides information on the 
parameters that might be considered, and the guidelines for the selection of suitable 
wheat and flour (Blakeney and others 2009; Fu 2008)    
2.6.1 Flour colour  
Consumers of noodles, particularly Chinese, are most attracted to a bright, light 
yellow coloured noodle, and the milling extraction rates and flour colour directly 
affect noodle colour. Since the appearance is a primary aspect of noodle quality, the 
degree of discolouration that might occur is significant. It has been reported that pre-
harvest sprouting of grain can result in discoloration as a result of enzymatic browning 
(Blakeney and others 2009; Cato and others 2006a).    
2.6.2   Protein content  
For the formulation of wheaten products, the protein contents of both the grain and the 
resultant milled flour are widely used as an indicator of processing potential and 
suitability for particular end-uses. In addition, protein content provides a guide to the 
dough strength characteristics of a flour and this is a very important factor for the 
process of noodlemaking. This reflects the nature of the process, particularly as the 
strands of noodles are required to remain intact and withstand passing through the 
machines without breaking. Another significant factor in the case of instant noodle 
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processing is that the level of protein also influences the degree of oil uptake during 
frying. This, in turn, affects the taste and shelf life properties of these products.    
For the measurement of protein content, the classic Kjeldahl nitrogen analysis has 
been widely used, although other procedures, based upon the Dumas analysis are also 
employed. In both procedures, total nitrogen is determined, and for wheat flour, the 
nitrogen content is multiplied by 5.7. An alternative traditional approach used in 
assessing the protein content of wheat and flour involves measuring the wet gluten 
content or, following drying of the wet gluten, the dry content. Whilst the quantity of 
protein is considered a primary factor in evaluating the potential of a flour in relation 
to end use, protein quality is also relevant in the context of the nutritional value of 
food products.    
2.6.3 Starch and quality of Asian noodles  
It has been reported that the texture of noodles depends on the extent of gelatinisation 
of the starch component of the flour. The inherent pasting viscosity of the starch is 
also known to be very important in relation to the quality of noodles and their eating 
characteristics. The inclusion of alkaline agents in noodle-making has also been found 
to affect the gelatinisation properties of starch, and it has been observed that sodium 
hydroxide causes gelatinization of starch at room temperature (Maher 1983).    
2.6.4 Types of enzyme present in the flour affect noodle production  
Other factors influencing the quality and development of products from wheat flour 
are the enzymes present and whether the flour has been derived from sprouted wheat. 
Some of the known enzymes present in wheat flour are proteases, lipases and 
amylases  (α-amylase and β-amylase). β-Amylases are saccharogenic enzymes
(Pomeranz 1987 and 1992) and  α-amylases  are  endohydrolases acting on starch in a 
random manner, and in bread they delay staling (Hoseney 1994). Enzyme degradation 
is detected by visual  discrimination  based upon  noodle  colour, brightness and the 
presence of undesirable spots (Moss and  Orth 1987). The role and significance of the 
enzyme polyphenoloxidase as a determinant of spot formation and colour 
development in noodles has been reviewed (Fuerst and others 2010).    
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The enzyme activity in flour is affected by the process of milling. In addition, it is 
preferable that the flour selected for noodle making is free of any sprout damage, 
since flour from germinated wheat may result in grey coloured noodles which would 
not be acceptable to the consumer. The effects of α-amylase and lipoxygenase in 
processing of  noodles made from Australian wheats have also been reported (Cato 
and others 2006a and b).    
 2.7   Gelatinisation of starch  
The understanding of gelatinisation has increased greatly in the past 20 years. These 
developments have been associated with the application of new or modified 
investigational techniques including light- and electron-microscopy, light 
transmission, viscometry, swelling and solubility determinations, calorimetry, nuclear 
magnetic resonance, laser light scattering and X-ray diffraction as well as various 
biochemical approaches.    
Generally, gelatinisation refers loosely to the irreversible swelling of the starch 
granule, which in part accompanies loss of order. This process is a consequence of the 
breaking of the hydrogen bonds between poly-(1  4)-α-glucan chains in the 
crystallites. To have an understanding of the process of gelatinisation it is necessary to 
define under what conditions the process may be regarded as equilibrium or non-
equilibrium (Copeland and others 2009).    
The gelatinisation characteristics of starch granules depend essentially on three 
primary factors: temperature, the moisture content of starch-water mixtures and the 
botanical origin of the starch. For example, dried starch (1-3% water content) 
undergoes only minor decomposition at temperatures up to 180°C, whereas starch 
containing 60% moisture is gelatinised completely at temperatures as low as 60°C. 
The swelling power of starches is usually decreased by heat-moisture treatment, which 
probably induces a reorientation of polymer chains within the granule (Galliard 1987).   
Gelatinisation behaviour has been studied widely using differential scanning 
calorimetry (DSC) techniques, which measure gelatinisation temperatures as well as 
the enthalpy changes of the different transitions involved in the process. For all 
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starches in previous studies, susceptibility to degradation by enzyme attack is 
enhanced by heat-moisture treatments and this effect is greater for higher moisture 
content (Galliard 1987).    
2.7.1 The effect of heat on starch  
During the heating of starch, changes in the granules depended upon the amount of  
moisture present and the temperature involved (Copeland and others 2009). The 
granules swell during absorption of water and continued heating allows the granules 
to swell until gelatinisation occurs (Tester and Morrison 1990). Eventually, total 
disruption of the granule will occur with continued heating and a viscous paste will be 
produced (Copeland and others 2009).    
The consistency of the paste depends on the degree of gelatinisation and the resilience 
of the swollen granules. Therefore, the paste texture determines the visco-elastic 
deformation, and is the result of interactions between granules and the proportion of 
disruption or molecular order within the granules. The formation and characteristics of 
the gel vary with different plant species. A gel forms when the starch paste is cooled 
after heating and arises from hydrogen-bond formation which produces a semi-solid 
system (Copeland and others 2009).   
The swelling patterns of legume starches are distinct from that of wheat starches as a 
consequence of differences in the crystalline and amorphous regions of the starch 
granules and the presence of strong binding forces, which relax within particular 
temperature ranges. Most leguminous starches have gelatinisation temperatures in the 
range of 60-90°C with a high resultant viscosity which remains relatively high during 
cooling (Lee 2007).    
 2.8  Types of flour and quality in noodle processing  
Strong wheat flours give firmer and more elastic noodle textures than weaker flours, 
and  when the protein content falls below 9.5% the noodles generally possess an 
unsatisfactory eating quality. Flour containing starch that gelatinises more rapidly 
gives softer noodles and pH is also a key determinant of starch behaviour (Miskelly 
and Moss 1985). The inclusion of alkaline salts in noodle products results in pH 
values above those of most food products. Overall, in noodle making, the emphasis is 
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on flour characteristics and whether these involve enzyme activities, starch 
gelatinisation, colour and flavour. Two key flour components that influence the 
textural characteristics of noodles are starch and protein content. Existing knowledge 
on the relative importance of these have been reviewed by Ross and Crosbie (2010) 
and both components, along with their interactions, appear to contribute to the eating 
quality of noodles.    
2.9   Other aspects affecting noodle production  
Other factors affecting noodle quality are variables associated with the processing 
steps of cooking, packing and storage. The choice of flours in noodle processing also 
affects the volume of the finished noodle product.  Two other factors that have 
received relatively little attention until recently are the temperature, and time, applied 
in processing as these may also influence the nutritional value. It is known that 
optimum cooking time is important in order to obtain the full benefits of starch quality 
in terms of starch gelatinisation and maximum quantity of noodles produced. The 
presence of alkaline conditions during noodle making requires a longer optimum 
cooking time, of some 60 – 120 sec, than that with salt alone (Huang and Morrison 
1988).   Furthermore, good noodle quality and preservation is also dependent on 
appropriate cooking techniques in terms of the inactivation of enzymes and 
microbiological sterilisation (Jensen and others 2004). Quality packaging and 
refrigerated storage are also factors for prolonged shelf-life.    
 2.10  Summary of current knowledge  
Typically, all Asian wheaten noodles have similarities in processing, so one of the 
most popular fresh Hokkien noodle style, was selected for the studies reported in this 
thesis. The ingredients for noodle processing include flour, water, salt, kansui and 
other raw materials.   The  inclusion of alkaline salts ( kansui ) allows the 
characteristic aroma, flavour, yellow colour, firm texture and elasticity of the noodles 
to develop. The pH of alkaline noodles has been reported to typically vary between 9-
11. Other minor ingredients used in the formulation of Asian noodle products are
gums, various phosphates, thiamin, riboflavin and canola oil.
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Chapter 3 
Background and literature review: grain production and 
utilisation   
The purpose of this chapter is to provide background material and review the current 
knowledge on field crops, particularly wheat and grain legumes, used by the food 
industry as well as their development as staple products used in food processing.   
3.1   Introduction  
Globally, among the largest agricultural industries is the production of field crops that 
are grown and harvested as sources of grains. Similarly, the grain industry in Australia 
is one of the leading sources of food as well as being a major export industry.  In 
Australia, wheat is the field crop in largest production. Apart from wheat, legumes are 
also increasingly recognised for their nutritional value and health benefits. The legumes 
available on supermarket shelves today include mung beans, lentils, peas and soybeans.  
These field crops are known throughout the world and most are grown in many 
countries.  Recent data on the annual production of grains in Australia, in comparison 
with the world, are summarised in Table 3.1. One of the reasons for the key role of 
grains as a global supply for human nutrition is the adaptability of the crops, along with 
retention of quality during storage, thereby providing a valuable food reserve and supply 
over time. Their low cost of production, both in terms of land area and manpower 
requirements, as well as their ease of transportation, have contributed to the ongoing 
success of the industry.   
Cultivated cereals are annual plants and have floral and vegetative features of the 
botanical family Gramineae, the grass family. Their high yield of grains which contain   
large quantities of starch, protein and oil provide the principal world source of food 
energy for humans and domestic animals.   
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 Table 3.1  Crop production of selected cereal and pulse grains during 2013   
 Notes: values expressed in units of tonnes, data from FAO 2015 nes indicates data for    
 crops not presented individually   
   
 
Field crop   Australia   World   
Barley   7,994,720   134,279,415   
Beans, dry   65,247   23,250,253   
Broad beans horse beans dry   349,958   4,032,310   
Buckwheat   No value   2,294,178   
Canola and rapeseed   2,358,740   62,454,481   
Cereals nes   No value   4,836,728   
Chickpeas   513,338   11,623,787   
Cowpeas dry   No value   4,928,280   
Groundnuts with shell   18,392   38,614,053   
Lentils   379,659   4,411,104   
Linseed   8,000   1,602,047   
Lupins   807,673   1,107,235   
Maize   356,943   883,460,240   
Millet   44,049   27,705,271   
Oats   1,127,680   22,504,708   
Oilseeds nes   No value   3,237,214   
Peas dry   394,675   9,558,180   
Pigeon peas   No value   4,405,984   
Pulses nes   No value   3,551,792   
Quinoa   No value   80,241   
Rice (paddy)   723,283   722,760,295   
Rye   39,750   12,948,840   
Safflower   6,056   591,997   
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Sesame seed  No value  4,092,236  
Sorghum  1,934,510  54,198,010  
Soybeans  29,750  260,915,871  
Sunflower seed  42,538  40,206,186  
Triticale  355,078  13,384,848  
Vetches  16,833  830,224  
Wheat  27,410,100  704,080,283  
3.2   The Australian grain industry  
The Australian grain industry is a major contributor to the output of the rural sector and 
therefore plays a vital role in the national economy. During 2010–11 grains and oilseeds 
comprised Australia’s largest category of food exports, representing 24 percent of total 
agricultural exports (GRDC 2015). Australia’s grains industry produced an average of 
34 million tonnes of grain each year between 2006–07 and 2010–11. For that five-year 
period the average area sown to grains was 20 million hectares (similar to the average 
for the 10 year period from 2001–02 to 2010–11), and the industry had an average 
annual gross value of production at the farm gate of more than $9 billion. The average 
level of production masks substantial differences in yearly production statistics. These 
differences primarily reflect differences in rainfall. For example, while total grain 
production reached nearly 46 million tonnes in 2005–06, in the following year 
production was less than half that amount because of much lower than average rainfall 
in many cropping regions. Wheat production typically accounts for approximately 50% 
of the total value of grain production. The most recent statistical data available (FAO 
2015) is presented in Figure 3.1.   
Chapter 3  
25 
Figure 3.1   Relative proportions of crop production in Australia  
Note: data from 2013. Australian wheat usage   
Calculated from FAO data, source: FAO 2015   
Globally, Australia has long ranked as one of the five leading exporters of wheat; with 
the others generally including the United States, Canada and the European Union (EU) 
(Blakeney and others 2009; Simmonds 1989). Again, although the range of destinations 
for the exports continues to fluctuate, more than 80% of the wheat produced in Australia 
is exported and in some years the figure has approached 90% (Simmonds 1989; Wrigley 
1994). Australian wheat is shipped to a large number of countries, particularly those in 
closer proximity for shipping, including the Middle East, Asia and the Pacific region.   
Australia typically harvests approximately 20 million tonnes of wheat when favourable 
conditions occur, although there is considerable variation from year to year, reflecting 
the uncertainty associated with climate across the wheat growing regions of Australia. 
(Blakeney and others 2009; Oleson 1998). Although estimates vary, and seasonal 
conditions have a strong influence upon both production as well as demand for grains, 
previous estimates of the relative proportions of end uses for Australian wheat indicate 
that the majority that is used domestically is milled for flour production, and hence for 
human consumption. One published set of data provides a perspective (Table 3.2) and 
confirms that exports represent a far higher tonnage of Australian wheat than that used 
for domestic purposes.   
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Table 3.2     Annual domestic Australian wheat usage  
End use  Tonnes  
Flour   1,500,000   
Starch/gluten  360,000   
Stockfeed   500,000-1,900,000  
    Source:   McKean 1999 
Whilst there appears to be a lack of similar data for more recent years, the total usage of 
wheat in Australia has risen dramatically in the past two decades. It increased each year 
from 2010 to 2014, and in that the five year period, it rose from 5.7 to 7.3 million tonnes 
(Australian Grain 2015). Over a considerable period, aggregate wheat milled for 
domestic human consumption has been approximately 1.5 million tonnes per year. Use 
of flour for further industrial processing purposes including the manufacture of starch, 
gluten and their derivatives, has tended to increase in recent years and exceeds 300,000  
tonnes a year. By far the largest use for flour in Australia is in the manufacture of bread, 
although it is also used for cakes, biscuits, and pasta products, as well as starch and 
gluten.   Over recent decades, there has been considerable research into the diverse 
range of other grain crops, with a particular focus of these efforts being to enhance their 
characteristics and facilitate their utilisation as a resource for human consumption. The 
pulse grains will be reviewed further in subsequent sections of this chapter.   
3.3   The classes of wheat  
In the Australian wheat industry, grain is categorised into various classes. These are 
further subdivided into a number of grades according to protein content, variety and 
state of origin. The major classes are shown in Table 3.3.   
One of the features of this information is the number of classes of wheat which are used 
for the manufacture of Asian noodles (Blakeney and others 2009). The significance of 
these products as a major end use for Australian wheat exports has been highlighted 
over a number of years (Wrigley 1994) and this continues to be a focus of the Australian 
grain industry (GRDC 2008).   
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 Table 3.3   Major Australian wheat classes and their typical end-uses  
Australian Prime 
hard   
13 - 15%       To produce flours for Chinese=style and high 
.     volume breads 
11 - 14%      To produce a wide range of breads including  
    Middle Eastern style flat breads and European 
volume or loaf breads 
Australian   
Premium White  
10 - 12%             Milled to flour suitable for Middle Eastern flat 
breads and Asian foods including noodles and   
spring rolls.   
ASW  9 - 11.5%  
Suitable for a wide variety of flour products able 
to produce loaf and flat breads, steamed  bread 
and noodles   
Australian Soft  Max. protein content 9.5%  
Flours for biscuits, cakes, pastries, steamed buns 
and snack foods.   
Australian Durum   13%  To produce semolina for a wide range of pasta products (for example: spaghetti, macaroni and 
fettuccine).   
Australian Noodle  9.5%  To produce Japanese Udon and Korean dry 
noodles   
Australian   
General Purpose  
Suitable for blending with other wheats to 
produce flour.   
Australian Feed  Used for animal livestock consumption  
Source:   Blakeney and others 2009  
 3.4     Starch  
When dough prepared from wheat flour is washed under a stream of water, three 
fractions are obtained: these are gluten, water-soluble components and starch. The major 
component of the wheat kernel is starch which accounts for up to 72% of the total wheat 
endosperm. Starch occurs in granules made up of two polysaccharides, the linear 
amylose fraction and the branched amylopectin. Both types of starch molecule consist of 
repeating glucose units joined by α-1,4-glucosidic bonds (Figure 3.2).  
 Class Protein 
content 
End uses   
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The branch points in the amylopectin structure involve an alpha-1,6-glucosidic bond 
(Berlitz and others 2009; Coultate 2009).    
 
During the proofing period of the baking process, starch granules damaged during 
milling are degraded by amylase enzymes to provide energy in the form of maltose for 
the yeast. The undamaged starch granules continue to absorb water during baking until 
the point of gelatinisation when they lose their integrity, breaking open so that amylose 
molecules spill into the interstitial space. Upon cooling gelatinised amylose chains 
undergo retrogradation. Crystalline junctions form between the amylose chains resulting 
in a gradual firming of the crumb as water is excluded from the retrograded molecules 
(BeMiller and Whistler 1996; Wang and others 2015).    
   
In the early stages of cooling, a certain level of retrogradation is necessary to allow 
bread to be sliced. Within several hours of removal from the oven all the amylose has 
retrograded. In reviewing the role of starch in Asian noodles, Ross and Crosbie (2010) 
also refer to the significance of damaged starch as a factor in determining noodle 
quality.   
   
   
   
   
  
Figure 3.2   The primary structural characteristics of starch molecules showing 
amylose (top) and amylopectin (lower)  
(Source: Coultate 2009)   
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3.5   Wheat gluten   
   
Wrigley and others (2006) described five classes of proteins in wheat endosperm: 
albumins, globulins, insoluble residues, glutenins and gliadins. It is the latter two, 
collectively representing storage proteins, which contribute to the viscoelastic properties 
observed in bread dough. Gluten is the main storage protein in wheat flour accounting 
for 75-80 % of total protein of which 40 -50 % are glutenins.  Over the years various 
models have been proposed to describe gluten formation and the structure-function  
relationship  as  a  basis  for  understanding  processing  and  product quality (Wrigley 
and others 2006). In these, glutenins are generally regarded as linear chains of 
polypeptide subunits joined by disulfide bonds. These contribute to the elastic nature of 
glutenin and thereby to the important functional properties of gluten, particularly dough 
strength and elasticity.  
Gliadins make up 30-35 % of total wheat protein and function as plasticisers that 
interact with the glutenin molecules to contribute extensibility to the bread dough. 
Accordingly, the gliadins are thought to be responsible for controlling loaf volume 
(Wrigley and others 2006).   
   
The coils of gluten proteins are held together by a variety of bonds including strong 
disulfide (-S-S-) bonds. During dough development the gluten molecules undergo 
significant changes. Severing of the disulfide bonds allows the gluten molecules to 
uncoil and rejoin at different positions.   
   
The gluten molecules become elongated and allow the linking of separate protein 
molecules Sulfhydryl (–SH) groups derived from the amino-acid cysteine are also 
present on the gluten proteins and these may form disulfide bonds which create new 
inter- and intra- polypeptide bonds that cause a relaxation of the dough by relieving 
stress caused during the mixing process (Kent and Evers 1993). The gluten proteins are 
transformed from coarse gluten aggregates to a gluten film otherwise known as the 
bread dough (McCann and others 2009).    
   
These recent studies have also clarified the significance of the various lipid fractions 
present in wheat flour and their interactions with the gluten proteins (McCann and 
others 2009). In addition, the role of salt during dough formation has also been 
elucidated (Tuhumury and others 2014). Development of the gluten matrix is important 
for the entrapment of CO2 produced by yeast fermentation during breadmaking as well 
as for product quality in Asian noodles (Ross and Crosbie 2010).   
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In contrast to the extensive literature describing cereal grain utilisation and processing, 
less is known concerning the pulse grains, which are now reviewed.   
3.6      Pulse grains  
Pulses, also commonly known as legume grains, are borne by various species of the 
plant family Leguminosae. The seeds are harvested from pods, and may be consumed in 
various ways, most typically as either mature dry seeds or immature green seeds (Tiwari 
and others 2011).   
A typical mature legume seed has a seed coat, which protects the embryonic structure 
and reduces water absorption and microbial contamination. The internal structure of 
legume seeds includes two cotyledons which are the largest component of a dry seed, 
and contain reserve starch and protein (Vebersax and Occena 1993). The texture of 
legumes after processing, and the nutrient availability is influenced by the arrangement 
and dimensions of the cotyledon cells (Fujimura and Kugimiya 1994 and Fujimura and 
others 1995).   
3.7   Pulse composition  
Pulses are rich in complex carbohydrates, and have a total carbohydrate content ranging 
from 24 to 68%, on a dry weight basis (Aguilera 1993; Oomah and others 2011; Reddy 
and others 1989). Therefore, when consumed, pulses can supply the body with 
significant amounts of its major energy source. Starch makes up a considerable 
proportion of the carbohydrate content, with 24 to 56% starch typically present in dry 
pulses (Kadam and others 1989).   
Pulses are characterised by a high protein content, typically between 20 – 40 %, and are 
therefore primarily grown as a protein source (Vebersax and Occena 1993). Pulses are 
generally regarded as a more economical source of protein than animal products, and 
form a major dietary component of consumers in developing countries.   
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Pulses can be a good source of dietary fibre, with contents varying from 14 to 32% for 
some of the more commonly consumed grains, depending on the pulse species (Oomah 
and others 2011). Whilst some is contained in pulse seed coats, there are also high levels 
in cotyledon cell walls. As much as 9% of the grain weight may be present as soluble 
dietary fibre (Aguilera 1993; Oomah and others 2011; Reddy and others 1989).   
The digestibility of both starch and protein in most dry legumes appears to be lower than 
for those found in cereal grains. Decreased digestibility is caused by increased dietary 
fibre content, along with intact cell walls which prevent digestive enzymes from gaining 
access to starch and protein. The methods for processing pulses may also be an important 
determinant of availability (Tovar and Melito 1996).    
Incomplete digestion of protein means a loss of essential nutrients. However, slow 
digestion of starch is beneficial, as it reduces hyperglycaemia and the risk of developing 
cardiovascular disease (Hardy and others 2015).   
Most pulses, with the exceptions of peanuts and soya beans, are relatively low in fat. The 
vitamin and mineral content of pulses is also of significance. They contain valuable 
amounts of minerals including phosphorus, zinc and magnesium, and vitamins, 
particularly thiamin (B1) and riboflavin (B2) (Vebersax and Occena 1993).   
3.8   Consumption and uses of pulses  
The pulse industry includes crops used for human food as well as stockfeed (Abu- 
Ghannam and Gowen 2011; Farooq and Boye 2011). In developing countries, pulses are 
primarily used for human consumption, while in industrialised countries, the main use is 
as stockfeed. Consumption of pulses, both as a food and as stockfeed, has increased in 
recent years. However, in the earlier stages of development of the Australian pulse grain 
industry, the growth rate of pulses as a stockfeed was considerably greater than as a food 
(Richards 1994).   
Pulse consumption in Central and South America, Africa and Asia is high. It has been 
reported that these are beginning to be more commonly consumed in other areas, due to 
the high levels of nutrients they provide, while being lower in calories than animal 
protein sources (Vebersax and Occena 1993).   
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3.9   The Australian pulse industry 
Typical yearly production of some pulses and cereals in Australia is shown in Table 3.1 
and Figure 3.1. The figures in the table show that cereal grains are generally grown in 
larger volumes than most pulses. However, pulse production is significant, and has 
increased dramatically during recent decades with volumes expected to increase further.  
The data demonstrate that the largest pulse crop by volume is lupins, produced primarily 
in Western Australia.  This is followed by the field pea, where Victoria and South 
Australia are the primary producers. Other major legume crops are chick peas which are 
winter crops, soyabean rotate between winter and summer, while mung beans are summer 
legumes. The pulses studies during this project were soybeans, mung beans, lentils 
(yellow) and besan (chickpeas). The typical appearance of some of the more widely 
consumed pulse grains are depicted in Figure 3.3).   
3.9.1   Lupins 
Lupins have a long history of use in human and animal nutrition. There are 
approximately 200 species of lupins, however not all are grown for consumption 
(Christou 1992). One of the popular species is soybean (Glycine Max). They have been 
considered a very important pulse, in that their protein content can be amongst the 
highest of any legume grain. The lupin species Lupinus albus has an average protein 
content of 39% (Aguilera 1993) and they are also rich in structural polysaccharides 
(Oomah and others 2011).  
More than 90% of lupins grown in Australia are Lupinus angostifolius, a sweet, white, 
narrow leaf lupin. Most of the lupin production in Australia is in Western Australia. 
They are an attractive alternative to other vegetable protein sources, due to their protein 
quality, fatty acid composition and mineral balance (Oomah and others 2011). In this 
study Soybean was one of the pulses selected for the noodle production.   
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Figure 3.3   The appearance of the soybean (top left), chickpea (top 
right), lentil (lower left) and mung bean (lower right)  
3.9.2   Mung beans  
Mung beans, Vigna radiata, have a protein content of approximately 23% (Augustin 
and Klein 1989). They originated in India, and the whole bean is boiled or used in 
fried or spicy dishes (Adsule and others 1989b). The bean may also be split and made 
into dahl, or used to produce sprouts. The dry bean can be made into a flour, once the 
seed coat is removed (Lawn and Imrie 1994). This can then be used as a source of 
starch in bakery products (Wilczek 1986).    
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3.9.3   Lentils  
Lentils (Lens culinaris) are a relatively new crop to Australia, with previous production 
being low, but it has been increasing, with new, more adaptable varieties becoming 
available. Lentils grow in the winter and are produced widely through the 
Mediterranean, southern Asia and America (Adsule and others 1989a; Adsule 1996). 
Lentil plants grow many pods, each of which normally contains two seeds. Lentils are 
produced for human consumption, and are rarely used as a stockfeed. This is due to low 
yields, and the premium prices paid by the food market (Hawthorne 1994a).   
There are two different types of lentils based on their size and cotyledon colour. Green 
lentils are larger, and are used as whole seeds in cooking. The seed coat is green to 
brown, and the cotyledon colour is yellow. Red lentils are smaller, and are split for 
cooking. The seed coat colour can be light grey, brown or black and may be speckled. 
The protein content of lentils is approximately 28.6% (Adsule 1996).   
3.9.4   Chickpeas  
Chickpeas, or Cicer arietinum, are a pulse grown largely for human consumption, 
however it is also relatively significant in animal nutrition (Sotelo and Adsule 1996). 
Chickpea flour is also commonly known as besan flour. Chickpeas have been divided 
into two types based on the seed characteristics. Desi chickpeas are angular in shape and 
brown in colour, while kabuli chickpeas are more round in shape, and white to creamy 
coloured (Chavan and others 1989a). In Australia, the desi type was processed by 
removing the seed coat and then the two cotyledons are separated, producing a product 
called dahl (Hawthorne 1994b). Consumption of these chickpeas are however, primarily 
in India. Kabuli chickpeas are consumed in West Asia, North Africa, Europe and 
America. They are not processed before cooking and are often included in soups as the 
whole seed, or are ground to make felafel or hommos (Knights 1994). The protein 
content of chickpeas is typically 19% (Augustin and Klein 1989).   
3.10  Anti-nutritional and toxic factors in pulses  
Pulses contain several anti-nutritional and toxic factors. The presence of proteinase 
inhibitors lowers the digestibility of pulse proteins, by retarding proteolytic enzyme 
activity (Waldroup and Smith 1989). The  lectins present can agglutinate red blood cells 
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and lathyrogens cause nervous paralysis. Phytic acids, tannins, saponins, allergens and 
amylase inhibitors are also present. Some of these factors are at least partly destroyed 
during the cooking process. Most of these components are present only in small 
quantities, and therefore once cooked appropriately they do not pose a serious health 
risk as part of a varied diet (Sathe 1993).   
3.11  Pulse processing for consumption  
Most pulses are consumed by simply soaking the dry seeds and then cooking in boiling 
water. Soaking softens the seed to reduce cooking time, and aids in removal of the seed 
coat. Soaking can also reduce the toxin content of legumes. Dry beans are usually 
soaked for 8 to 16 hours in cold water. Cracking or scouring of seeds with tough seed 
coats before soaking assists in moisture penetration.  Heat is required during cooking to 
gelatinise starchy cotyledons, and to inactivate anti-nutritional factors. Heat also 
increases the tenderisation of the cotyledon, and improves legume flavour (Vebersax 
and Occena 1993). Canning has more recently increased the convenience of using 
beans. Quick cook legumes have also been developed, where the dry seeds are soaked in 
a solution of inorganic salts, then rinsed and dried. Grain legumes are sometimes ground 
into a flour, and used in bakery products and snacks. In addition, the seeds are also 
sometimes used to produce sprouts (Aguilera 1993).   
3.12  The potential for future pulse utilisation  
Over at least the past two decades the Australian agricultural and food processing 
industries have considered future directions, including efforts to ensure maximum 
benefits in the production and marketing of pulses (Hooke 1996). Over that period, it 
has been recognised that there is increasing potential for processing pulses into more 
readily available and convenient food products. This provides a challenge to food 
manufacturers and provides potential benefits to pulse consumers (McIntosh 1996).  
One of the recent initiatives designed to address some of the challenges has been the 
establishment of a research centre at Charles Sturt University (Blanchard 2015). Among 
the studies that have commenced is a report on the utilisation and processing of 
soybeans and chickpeas (Mukhopadhyay and others 2015; Siah and others 2014a, 
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2014b) along with studies demonstrating the inhibition of fat cell formation and lipid 
breakdown by pulse grain extracts (Reynolds and others 2016).   
3.13  Complementarity of the nutritional value of wheat and pulses  
It is recognised that pulse proteins can be used to improve the nutritional properties of 
cereal products. Legumes typically have higher protein levels (20-25%) than cereal 
grains (7-15%). Cereal grains are generally low in lysine, trytophan and other essential 
amino acids, but these shortcomings can be overcome by appropriate blending with 
legume grains.    
Thus, cereal and legume grains can be combined to complement the amino acids in 
areas they are lacking. Various research studies also provide evidence that consumption 
of legume products may reduce the rate of particular health problems such as colorectal 
cancer (for example, Sandler and others 1993).  This may arise from the contribution 
that pulse grains make to dietary fibre intakes and be reflected in current Australian 
dietary recommendations which specifically refer to increased consumption of dietary 
fibre (NHMRC 2006) and a diet containing both cereal and legume grains (NHMRC 
2013).   
3.14   Summary of current knowledge  
In the context of world and Australian grain production, cereals are the leading crops, 
with pulses representing a much smaller proportion of the total grains currently 
harvested and utilised for human consumption.   
Pulses are potential sources of novel starches for the food processing industries. The 
carbohydrate content of most pulse flours range from 46-50% and the protein level from  
20- 40% (Vebersax & Occena 1993). Pulses are characterised by their high protein
content and are also considered an economical source of protein.
They are also a good source of dietary fibre which ranges from 1.2-13.5% (Aguilera 
1993). In addition, pulses contain minerals including phosphorus, zinc and magnesium 
and vitamins, particularly thiamin and riboflavin (Vebersax and Occena 1993).   
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Cereal grains are used in the preparation of a wide variety of foods and also industrially 
for the production of starch and gluten. Despite renewed interest, less research and 
development has been focused upon utilisation of the pulse grains which have 
considerable potential as food sources, arising from their advantages composition, 
particularly their protein content and amino acid profile, which is complementary to that 
of the cereal grains.  
Nevertheless, little has been published on the incorporation of pulse flours into noodle 
formulations in the context of enhancing the nutritional profile of Asian noodles.   
Chapter 4 
38 
Chapter 4 
Background and literature review: Vitamin stability, 
fortification and microencapsulation as a strategy for 
enhancing retention 
The purpose of this chapter is to provide background and review the relevant scientific 
literature on selected B-group vitamins, thiamin (B1) and riboflavin (B2) their 
significance and stability. The areas covered include the structures of thiamin and 
riboflavin, their nutritional significance, dietary intake values, and a discussion of their 
retention under various food processing conditions. In addition, the specific challenges of 
fortification and strategies for enhancement of vitamin retention, particularly 
microencapsulation are reviewed. 
4.1 Introduction 
Vitamins are essential nutrients required for health, they are relatively small molecules, 
and are often classified as being either fat or water-soluble. Most of the vitamins present 
in foods are subject to significant losses during food processing and storage (Bui and 
others 2013; Gregory 2008). Amongst the vitamins, thiamin and riboflavin have been 
identified as being particularly important for adequate daily intake, as any consumption in 
excess of requirements is readily excreted (Whitney and Rolfes 2008). These two 
micronutrients are classed as members of the B-group, along with another six distinct 
vitamins.  
In previous chapters of this thesis, both cereal and pulse grains have been identified as 
good dietary sources of a number of vitamins, particularly thiamin and riboflavin. In 
addition, a recent review by Bui and others (2013) further highlighted cereal foods as a 
vitamin source, emphasising that Asian noodles might be expected to contribute 
significantly to dietary intakes. However, they also summarised the comprehensive 
research reported in the past decade which has shown that substantial losses can occur 
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during the processing of noodles. This chapter describes some of that work, along with 
the potential of microencapsulation to enhance vitamin retention in these products.  
4.2 The B-group vitamins 
It should be noted that in this thesis, the most recent recommendations of the 
International Union of Pure and Applied Chemistry (IUPAC) on nomenclature of 
vitamins (IUPAC 1966) have been used. 
The B-group vitamins are a complex of eight water-soluble vitamins, thiamin (B1), 
riboflavin (B2), niacin (B3) , pantothenic acid (B5), pyridoxine (B6), biotin (B7), folates 
(B9) and cobalamin (B12). These vitamins are required for the metabolism of 
carbohydrates, fats and proteins and are therefore essential for growth. They are involved 
in maintaining the health of the hair, skin, nerves, blood cells, the immune system, 
hormone-producing glands and the digestive tract. Vitamin B1 and B2 were among the 
first vitamins to be associated with specific deficiency symptoms and to have their 
structures elucidated. 
4.2.1 Riboflavin – Vitamin B2 
Pure riboflavin was first isolated from milk in 1933 by Kuhn, Gyori and Wagner- 
Jauregg, working at the Kaiser Wilhelm Institute for Medical Research in Heidelberg, and 
it was chemically synthesised in 1934 (Soothill 1996).  Like many other vitamins, various 
names have been used, most commonly vitamin B2, although others formerly used 
include vitamin G, ovoflavin, lactoflavin, lyochrome, uroflavin and hepatoflavin. The 
structure of riboflavin is 7,8-dimethyl-10-(1'-D-ribity) isoalloxazine and this is shown in 
Figure 4.1 (Gregory 2008; RSC 2015). 
Figure 4.1    The structure of riboflavin 
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Riboflavin is widely distributed in foods, and is almost exclusively bound to proteins in 
the form of flavin mononucleotide and flavin adenine dinucleotide (Gregory 2008). 
Riboflavin functions as a component of these two flavin co-enzymes. It participates in 
oxidation-reduction reactions  in  energy production and in numerous metabolic pathways 
including: the oxidation of glucose, certain amino acids and fatty acids; reactions with 
several intermediates of the Krebs cycle; conversion of pyridoxine to its active coenzyme 
and the formation of niacin from tryptophan (Whitney and Rolfes 2008). Although 
generally classed as a water-soluble vitamin, riboflavin has a relatively low solubility, but 
is very soluble in dilute alkalis which result in decomposition (RSC 2015). Good sources 
of riboflavin include meat, dairy products and grains (Bui and others 2013; Goldsmith 
1975; Whitney and Rolfes 2008). 
4.2.2 Thiamin – Vitamin B1 
Thiamin was first identified as an essential nutrient in the human diet during 1931 
(Guthrie 1989). Initially it was known as vitamin B1 before the name thiamin was widely 
adopted. In some countries, including the United States of America (US), the original 
spelling- thiamine has been retained. In line with current IUPAC recommendations 
(IUPAC 1966) it is referred to as thiamin in this thesis. 
Studies and observations since the 19th century revealed that deficiency in thiamin 
resulted in a condition commonly referred to as beri-beri, with various symptoms 
including extreme fatigue, mental disorders, excessive weight loss, nausea, constipation 
and gastrointestinal disturbances. 
Following the discovery of thiamin, the chemical structure was elucidated (Figure 4.2) 
and since then considerable knowledge has been gained on its role in the body, daily 
requirements and the symptoms associated with deficiency. The principal metabolic 
function involves the utilisation of energy. Specifically, thiamin is a coenzyme of many 
different enzymes (Institute of Medicine 2000c). However, in most foods the levels are 
very low (Bui and others 2013). Typically, the major dietary sources include pork and 
ham, cereal grain products, pulses and nuts (Whitney and Rolfes 2008) although yeast 
and yeast extract spreads (including Vegemite) are also good sources (Food Standards 
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ANZ 2015b). 
Thiamin exists as a number of vitamers, where this term refers to structurally distinct 
molecules having the function of the particular vitamin. For thiamin these include the 
monophosphate, disphosphate (also commonly referred to as the pyrophosphate), 
triphosphate as well as the free form (Gregory 2008). It is the diphosphate form of 
thiamin which acts as the coenzyme in carbohydrate metabolism, and the various forms 
of thiamin are generally very soluble in water although the mononitrate is less soluble 
than the others (RSC 2015). 
Figure 4.2    The structure of the thiamin molecule in its cationic form 
4.2.3 Deficiencies of riboflavin and thiamin 
The signs of riboflavin deficiency are more common during periods of physiological or 
pathological stress, and symptoms usually include lesions of the lips and angles of the 
mouth, a fissured and magenta-coloured tongue, seborrhoeic follicular keratosis of the 
nose and forehead and dermatitis of the anogenital region (Ball 2006). In Australia, there 
appears to be no evidence of riboflavin deficiency (Wahlqvist 1997). 
In the case of thiamin, there are three distinct sets of symptoms. The most common of 
these is beri-beri, a condition associated with long-term deficiency and is more likely to 
occur where total food intake is relatively low and the carbohydrate consumption is 
higher. Short term deficiency is commonly associated with excessive intakes of alcohol, 
and these problems may be partly due to low intakes of thiamin, however, alcohol also 
impairs the absorption and metabolism of thiamin. Thirdly, the Wernicke-Korsakoff 
syndrome is characterised by mental confusion and deterioration of nerve function 
ultimately leading to coma. This is most likely to occur in alcoholics who are prone to 
thiamin deficiency due to decreased food consumption. In addition, decreased liver 
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function impairs the activation and utilisation of thiamin (Ball 2006). 
The term “subclinical deficiency” has been used to describe the situation where an 
individual shows no clear physical symptoms of deficiency, but the thiamin intake is 
inadequate (Wahlqvist 1997). The condition is one of ‘nutritional risk’ and is difficult to 
measure. Subclinical deficiency is associated with a generally poor state of health due to 
low thiamin consumption and the impairment of overall metabolic efficiency. 
4.2.4 Required levels of vitamin B intakes 
The levels of B group vitamins required in the diet have been determined, and many 
countries have established reference or recommended values. The general term dietary 
reference value is used to include recommended dietary allowances (RDA) and 
recommended daily intakes (RDI) (Institute of Medicine 2000a, 2000b, 2000c; Wenlock 
and Wiseman 1993). In Australia, values are set by the National Health and Medical 
Research Council of Australia (NHMRC 2006) and these are currently under review. For 
adults, RDI values are 1.1 - 1.3 mg per day for riboflavin and 1.1 - 1.2 mg per day for 
thiamin, with specific values also set for groups in other particular age ranges as well as 
for pregnant women. 
4.2.5 Adequacy of vitamin intakes 
Although it is often assumed that dietary intakes of B-group vitamins exceed reference 
values, particularly in developed countries, there have been few recent studies that 
specifically address this issue. It is likely that the vitamin status of at least some 
individuals in many countries around the world reflects inadequate intakes and evidence 
from some studies indicates that folate intakes are of greatest concern (Bui and others 
2013). Reflecting concerns regarding vitamin intakes, fortification has long been 
promoted as a desirable precaution and this issue is reviewed in a subsequent section of 
this chapter (Section 4.6). Another aspect of concern for many vitamins is that they can 
be lost during food processing, storage and preparation for consumption, potentially 
limiting the availability of these nutrients in foods, even following fortification. 
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4.3 Stability and factors influencing losses of the B group vitamins 
Vitamins vary greatly in their stability characteristics (Table 4.1, Gregory 2008; Kwok 
and others 1998). In addition, each vitamin tends to be unstable under specific processing 
conditions, particularly frying (Fillion and Henry 1998) as well as exposure to light, heat  
and during storage. Losses may therefore occur at several points and these will adversely 
impact on the nutritional value of the food product. 
Table 4.1 Factors influencing stability of B-group vitamins 
Vitamin Neutral Acid Alkaline Oxygen Light Heat 
Thiamin U S U U S U 
Riboflavin S S U S U U 
Niacin S S S S S S 
Vitamin B-6 S S S S U U 
Folate U U U U U U 
Pantothenic acid S U U S S U 
Vitamin B-16 S S S U U S 
Notes Based upon information from Gregory 2008 
S- Stable (no significant destruction)
U -Unstable (significant destruction)
A number of factors have been found to influence the amount of the B vitamins in foods 
(Gregory 2008) these include: B vitamins are relatively unstable compared to other 
vitamins and are subject to greater losses in food processing. Among the factors known to 
cause losses are heat, particular pH conditions, air, oxygen, light, and the presence of 
reducing agents such as the sulphite ion in foods. These are summarised in Table 4.1. 
Although the solubilities of the B vitamins in water vary widely, some are highly water 
soluble. For example up to 100 g of thiamin dissolves in 100 mL of water (RSC 2015) 
and hence, in the processing of some foods, losses may occur by leaching during 
Chapter 4 
44 
blanching and boiling processes. Substantial losses occur during the storage of cereal 
grains (Pomeranz 1992),  while milling the grain,  and during the production of white 
flour; this is due to the high concentration of many B vitamins in the bran layers and the 
germ (Posner and Hibbs 2005). Hence the lower the flour extraction rate, the lower 
will be the vitamin content of a milled flour (Bauernfeind and DeRitter 1991; Gregory 
2008; Saxelby and Venn-Brown 1980). 
4.3.1    Stability of riboflavin 
Milling of grain reduces the riboflavin content because much of the vitamin is contained 
in the germ and bran. White flour milled to approx imat ely 70  per cent e xtraction h as 
bee n re ported  to c ont ain only about 65 percent of the original riboflavin found in the 
whole wheat. Although the milling of wheat does decrease the content of riboflavin, 
where it is permitted, enrichment may result in refined flour with a higher concentration 
of the vitamin than the whole wheat itself (Brooke 1968; Hunt 1975). 
It has generally been reported that riboflavin is stable in foods at low water activities 
(Dennison and others 1977) and also when mildly heated, but it will leach into cooking 
water (Reavley 1998). Under normal lighting, dry, crystalline riboflavin is stable, but   in 
solution, vitamin activity is destroyed by exposure to ultraviolet (uv) radiation or visible 
light, the rate of destruction increasing with increases in either temperature or pH (Bailey 
1991). 
If protected from light, aqueous solutions of riboflavin in the pH range between 5.0  and 
6.0 are heat-stable at temperatures of up to 160°C. Alkaline conditions, including those 
produced by sodium hydrogen carbonate (baking soda) can destroy riboflavin (Reavley 
1998). Above pH 7 the isoalloxazine ring is rapidly destroyed at elevated temperatures. 
Optimal stability is observed at pH 4.0 - 6.5. In the absence of light, riboflavin is stable 
towards oxygen and many oxidising agents (Ball 2006). 
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4.3.2    Stability of thiamin 
Thiamin is unstable under a variety of conditions in foods (Table 4.1). In early studies it 
was established that heat caused losses in many foods (Farrer 1955). However, thiamin is 
quite stable under some conditions, which include a low water activity at ambient 
temperatures, and in acid pH conditions and direct lighting (Hebrero and others 1988; 
Gregory 2008). Chlorine present in water as hypochlorite ions and commonly used as a 
water treatment agent can cause cleavage of thiamin (Kimura and others 1990). Despite 
the instability at higher temperatures and pH values, it is also known that in solutions 
with a pH less than 5, thiamin is stable at elevated temperatures and under oxidising 
conditions. In addition, food ingredients can cause degradation of thiamin; some of the 
molecules involved include tannins, haeme proteins and specific thiaminase enzymes 
(Bailey 1991). 
4.4 Recent studies on vitamin stability and retention in cereal grain  
Although it has long been recognised that the water soluble vitamins are relatively 
reactive dietary components (Farrer 1955), it is also well-established that cereal grains, 
including wheat, are good sources of essential nutrients (Ranhotra 1994). There have 
been relatively few recent studies in which the factors influencing retention have been 
reported. However, in a recent review (Bui and others 2013) analytical aspects of the 
problem have been highlighted. In particular, it is important to use analytical procedures 
which have been adapted and carefully validated for the specific foods that are being 
analysed. It is also noted that developments in analytical approaches and the availability 
of advanced instrumentation can facilitate the re-evaluation of earlier data obtained with 
methods that lacked sensitivity (Chowdhury and others 2003; Hau Fung Cheung and 
others 2007). 
A series of studies of vitamins and other nutrients in durum products was carried out in 
North America during the 1980s (Ranhotra and others 1983, 1985, 1986). These 
demonstrated modest losses of a number of the B-group vitamins, many of which are 
routinely incorporated into product formulations in the US. However, subsequent 
foods including Asian noodles
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research into the three primary forms of Asian wheaten noodles has demonstrated that the 
patterns of losses did not replicate those reported for fortified durum products (Bui and 
others 2013). 
In a comprehensive series of research studies during the past decade, the safety, nutritive 
value, formulation and the optimisation of processing parameters for Asian instant 
noodles have been investigated. The driver for these studies has been the increasing 
adoption of Asian noodles globally, often as staple components in the diet of many 
consumers. Another issue is the high proportion of Australian wheat exports destined for 
processing into these products, so research has been directed to maintaining Australian 
pre-eminence as a supplier of wheat, preferred for the manufacture of high quality 
noodles in Asia (Blakeney and others 2009; Nagao 1998; Small 2003). 
Texture, colour and sensory appeal can be readily manipulated by adjustments to 
formulation and processing conditions, and various reports have provided options, 
particularly for instant noodles (Choy 2010a, 2010b, 2012, 2013. Widjaya and others 
2008). Among the recent studies, it has been demonstrated that in the primary forms of 
Asian noodles, B group vitamins are relatively unstable. This work focused upon thiamin 
(Bui and Small, 2007a, 2007b, 2008), riboflavin (Bui and Small, 2009), niacin (Kawila 
and others 2008a, 2008b),  and vitamin B6 (Bui and Small 2012). In a major study on the 
various styles of Asian noodles, folate was also found to be relatively unstable (Bui and 
Small, 2007c, 2007d, 2007e).  
Subsequent studies of folic acid, used as a fortificant also showed substantial losses for 
instant noodles (Hau 2008; Hau Fung Cheung and others 2008, 2009). In addition to the 
B group, the other major water soluble vitamin, ascorbic acid, has also been investigated 
(Sanyoto and others 2008; Teoh and others 2008; Wijaya and others 2011). Among the 
factors found to be significant causes of vitamin loss in noodles are leaching, heating and 
particularly the pH of the food, where typical values are 5.9 (white salted ) 7.6 (instant)  
and 10.6 (yellow alkaline)for the various forms, (Bui and others 2013). 
In summarising and reviewing the retention results for Asian noodles, Bui and others 
(2013) observed that. In the case of riboflavin and thiamin in alkaline noodles, the  
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ultimate losses measured in the products, following drying and cooking, as consumed, 
were 71% riboflavin (29 % retained) and 97% thiamin (3% retained); Bui and Small 
2007a; 2009). These rates of loss are much higher than those reported earlier for durum 
products (Ranhotra and others 1983, 1985 and 1986). 
Current research has extended beyond the water-soluble vitamins to include the vitamer 
forms of the tocochromanols (vitamin E, present as tocopherols and tocotrienols) and the 
organic forms of the essential micronutrient selenium in cereal grain foods. The results 
demonstrate that the E vitamers vary in stability, but all are lost to some extent during 
baking (Buddrick and others 2013, 2015) and also during the processing of the three 
primary styles of Asian noodles (Chietra 2015).  In contrast, a speciation analysis of 
Asian noodles indicates that the primary organic forms of the essential micronutrient 
selenium (selenomethionine and selenocysteine) are not adversely influenced by the 
conditions of noodle manufacture (Chietra 2015; Tjong and others 2013; 2014). 
4.5 Potential strategies for enhancement of vitamin intakes 
In the context of the broad observation that vitamins are typically unstable molecules 
(Gregory 2008), the recent research findings demonstrate that vitamin losses are such, 
that dietary intakes are likely to be adversely affected (Bui and others 2013). The loss of 
thiamin and riboflavin are of particular concern because these are adversely influenced 
by alkaline conditions and heat. The evidence on cereal grains, and particularly Asian 
noodle processing, is that modifications to formulation as well as processing conditions 
may be useful ways to minimise losses. Two other approaches with potential to address 
the challenges of ensuring adequate vitamin intakes are food fortification as well as 
microencapsulation, and these are now reviewed briefly. 
4.6 Food fortification 
In a classic monograph on food fortification published in 1991, various authors concluded 
that universal fortification of foods was highly desirable (for example Bailey 1991; 
Bauernfeind and DeRitter 1991). In addition, it was emphasised that cereal grain foods 
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were ideally suited as vehicles for fortification, particularly with the B-group vitamins 
(Iannarone 1991). 
Around the world, attitudes to mandatory fortification with vitamins vary quite widely, 
and this has been reflected in divergent regulatory approaches in different countries. In 
Australia, doubts have also been expressed on the adequacy of intakes (Clements 1986). 
These concerns were first raised as long ago as 1941, and on numerous occasions since 
there has been both scientific and public debate surrounding thiamin. Surveys of dietary 
consumption of thiamin during 1976 demonstrated that up to 10 percent of households 
had intakes below minimum levels for good health (Clements 1986).  In Australia, the 
issue was considered during the 1980’s by expert committees of the NHMRC. Although 
definitive answers were not obtained, the decision was ultimately taken to introduce a 
requirement for fortification of a staple food (Lewis and others 2003). 
4.7    Vitamin fortification strategies 
Possible approaches to ensuring adequate intakes of vitamins include fortification and 
enrichment of foods. The term fortification generally refers to the addition of vitamins to 
restore the levels to those found prior to processing. Enrichment entails addition beyond 
levels originally present (Bender 1998). In the decade between 1930 and 1940, the 
concept of fortification of staple foods was developed as a result of the discovery of 
certain vitamin deficiency diseases in the US.  
Scientific studies around this time showed that the dietary intakes of thiamin, riboflavin, 
niacin and iron were below desirable dietary levels and therefore deficiency diseases 
including rickets, beriberi and pellagra occurred. As a result, the Standard of Identity for 
enrichment of flour with thiamin, niacin, riboflavin and iron was established in 1946 by 
the US Food and Drug Administration (FDA) (Watson 1981; Iannarone 1991). In the 
following year enrichment of all bread and rolls was introduced. Since then, considerable 
practical knowledge on fortification has been developed in the US and the approach has 
been found to be feasible for many different products (Borenstein 1971; Steele 1976; 
Colman 1982; Bauernfeind and DeRitter 1991; Giese 1995; Brady 1996).  
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In some applications problems may be encountered where storage involves higher 
temperatures and humidity (Bauernfeind and DeRitter 1991; Borenstein and others 1991). 
In January 1998, a new legal requirement was introduced in the US to ensure that 
commercial grain food products were also enriched with folic acid to a minimum level of 
140 µg/ 100 g (Ranum 1996; Reavley 1998). 
Whilst fortification with various nutrients has been mandatory in the US for many years 
(Berner and others 2001), it is noted that doubt has been expressed regarding adequacy of 
US vitamin intakes (Guthrie 1989). Furthermore, relatively few other countries practice 
fortification to the extent found in the US. In Australia and New Zealand there has been 
considerable hesitation shown towards expanding legal approval of fortification (Becker 
1993; Nordmark 1999). Mandatory addition of thiamin to all breadmaking flours was 
introduced to Australia in 1990 (Food Standards ANZ 2015a, Lewis and others 2003).  
although the fortification of flours with thiamin still remains  controversial. More 
recently, optional fortification with folic acid has been permitted in Australia for cereal 
based foods, and is also a mandatory addition to bread- making flours (Food Standards 
ANZ 2015a). 
Globally, there is increasing recognition of the potential benefits that would flow from 
food fortification (Food fortification initiative 2016) and this includes many Asian 
countries where rice and noodle products continue to be popular staple foods (Spohrer 
and others 2013). Very recent research, relevant to noodles and Asian countries, has 
focused on the effect of fortificants to reducing anemia (Hess and others 2016) and 
stunted growth (Semba and others 2011). Iron was found to be retained well during the 
production and preparation of rice noodles (Malahayati and others 2015). 
In studies of commercial dried noodle products, purchased both in Australia and sourced 
from various processors across Asia, it has been found that both the thiamin (Bui and 
Small 2007b) and folate (Bui and Small 2007d) content varied quite widely.  However, 
for both vitamins it was concluded that the levels were consistent with the natural levels 
that might be expected for wheaten flour products, and that there was no evidence of 
fortification for any of the samples. 
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In a review of current practices in Asia (Food fortification initiative 2016) it has been 
reported that in most countries neither wheat flour nor rice are routinely fortified. For 
wheat flour, mandatory requirements apply in the Philippines (iron and vitamin A), Nepal 
(iron, folic acid and vitamin A) and Indonesia (iron, zinc, folic acid, thiamin and 
riboflavin). Significantly, Viet Nam has recently announced a new scheme which will 
involve iron and zinc addition to wheat flour. Malaysia and Mongolia have indicated that 
planning and consideration are being directed towards fortification at some stage in the 
future (Food fortification initiative 2016). 
Fortification, as traditionally and currently practiced, has a possible limitation because the 
added vitamins may be lost during processing due to a lack of stability, and this has been 
observed in some of the recent studies of Asian noodles (Bui and others 2013; Bui and 
Small 2007a, 2007e, 2009, 2012). In some cases, the losses were as high as 98%, 
regardless of the extent of fortification. A new approach, which may offer a solution to 
these problems, is encapsulation and this is now briefly described and reviewed. 
4.8 Encapsulation for food formulations 
The technology of encasing sensitive materials within a shell has been used in many 
contexts, and entails the coating or entrapment of an ingredient using a protective 
material. The technology of microencapsulation was introduced around 60 years ago and 
has been particularly applied to pharmaceutical materials (Park and others 1984) and 
more recently to the introduction of flavourings into foods (Versic 1988; Brazel 1999; 
Gibbs and others 1999; Qi and Xu 1999; Augustin and others 2001). In a series of 
reviews over the past decade and a half, the potential applications of encapsulation in 
food formulations has been discussed in detail (Augustin and Hemar 2009; Augustin and 
others 2001; Augustin and Sanguansri 2007; Augustin and others 2009; Sanguansri and 
Augustin 2010). 
 Most applications previously discussed in the scientific literature utilise, microcapsules 
although more recently mention has been made of nanocapsules (Augustin and Hemar 
2009). Microencapsulation produces structures that are designed to prevent material 
diffusing into and out of the shell (Reineccius 2001). This property allows for a number 
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of different functions and applications in food systems (Thies 2001) and these include: 
• Protection of sensitive food components from the surrounding environment (oxygen,
moisture, pH conditions and light);
• Enhancement of the overall quality of food products. For example, prolonging shelf-
life stability so that the nutritional value or flavour of foods does not diminish
significantly between the dates of production and consumption;
• Effective retention of volatile components, particularly flavours;
• Isolation of specific food components from others during storage;
• Masking the aroma, flavour, and colour of some ingredients, which can be important,
since flavour, aroma and visual appearance are the primary factors in the decision of
a consumer to purchase or repurchase a particular product;
• The conversion of liquids and sticky solids into free flowing powders to facilitate
transport as well as incorporation into product formulations;
• Suppression of undesirable taste and/or odour produced by certain food components;
and
• Conrolled release of the core material under specific, conditions.
The structures of food capsules vary depending upon the techniques or combination of 
techniques used in their formation, as well as the nature of the encapsulating agents 
utilised. Some of the structures that are found in capsules are depicted in Figure 4.3. 
Figure 4.3 Possible structures of food Microcapsules 
Source: Augustin and Hemar (2009) 
4.9 Microencapsulation techniques 
Various procedures for the preparation of microcapsules have been described over recent 
decades (Augustin and Hemar 2009; Augustin and others 2001; Augustin and Sanguansri 
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Among those most commonly researched have been: 
a) Coacervation: a process whereby the material to be protected is dispersed in a
solution of wall materials that effectively form a matrix around the core material
(Augustin and others 2001). Typically, this utilises a solution of a gelling protein as
wall material, with this coacervating around the core material as a result of changes
in pH, temperature or ionic salt concentration. In the case of complex coacervation,
the wall material will be composed of two oppositely charged ionic compounds
which may be proteins and polysaccharides;
b) Fluidised bed coating: involves the use of a liquid coating solution or a molten wax,
fat, protein or carbohydrate being sprayed on a bed of suspended solid core material
to form microcapsules (Gouin 2004). This technique forms larger microcapsules as
compared to other methods, with resultant diameter sizes of at least 200 µm.
c )     Freeze drying; 
d )     Processes based on super-critical fluids; 
e )      Liposome production; 
f )      Molecular inclusion complexation; 
g )      Extrusion; and 
h )      Spray drying. 
The last of these is the most commonly used method for microencapsulating food 
ingredients, partly reflecting the ready availability of existing spray driers in the food 
industry. It is economical and provides an effective way of protecting many food 
ingredients (Gouin 2004) and is around one fiftieth the cost of using freeze drying 
systems (Madene and others 2006). However, spray-drying has been described as being 
wasteful of energy as it is not feasible to fully utilise all of the heat that is channelled 
through the chamber (Gharsallaoui and others 2007).  
The spray drying technique was originally developed for the drying of milk to obtain a 
fine powder. In milk, the same principles of operation apply as those for the slurry of 
microencapsulants and wall materials. The fat acts as the core material while the 
carbohydrates such as lactose and milk protein form the wall material. Carbohydrates 
confer structure while the proteins provide emulsification and film forming properties 
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(Gharsallaoui and others 2007). Microcapsules made by this method require the 
formation of a solution, emulsion or suspension of the core material(s) in the polymer 
(wall material) solution that will be used as the feed solution which is then atomised to 
form small droplets. Common atomisers used are of the pneumatic, pressure nozzle or 
spinning disk type. The choice of atomiser used depends on the inherent characteristics 
and viscosity of the liquid feed, and it appears that the higher the energy provided by the 
atomiser and the lower the flow rate, the finer will be the particle size.  
Hence, process conditions, including flow rate, have to be appropriately controlled to 
achieve the desired particle size distribution. However, for all atomisers the objective is the 
same: to increase the exposed area so that maximum liquid is in contact with the hot air 
in the chamber. As a result, the evaporation of moisture from the liquid droplets within 
the chamber of the spray drier is almost instantaneous, thereby creating a fine powder. A 
typical design of a spray drier is presented in Figure 4.4 
Figure 4.4 Schematic diagram of a spray-drying system for encapsulation 
Source: Re 1998 
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Although the use of spray-drying involves heat, the period of direct exposure of labile 
materials to these elevated temperatures is relatively short. Indeed, in a novel application 
of this technique to food ingredients, it has recently been shown that it can be applied to 
enhance the protection of non-pathogenic, “friendly”, bacteria having potential as a 
probiotic (Khem and others 2015). 
4.10 Overview of encapsulants for food microencapsulation 
In describing microencapsulation processes, a variety of terms are used in reference to 
the materials employed for the matrix which provides protection to the components to be 
encapsulated. Among the alternatives in use are encapsulants, wall materials and 
encapsulating agents. Generally, there is a wide variety of approved coating materials 
available for use in foods, and some of these are listed in Table 4.2.  
The primary concern from a regulatory perspective is that the wall materials and matrix 
must be approved for use as food ingredients, to ensure that consumer safety is not 
compromised. As a result, there may be some variation in those permitted from country 
to country. In addition, some research investigations use encapsulants which are not yet 
approved for food use. 
The range of alternatives (Table 4.2) allows food producers to select compounds that can 
be used as encapsulants while still maintaining the desired textural characteristics, which is 
very important in foods, as highlighted earlier by Brazel (1999). In that review the 
potential of microencapsulation in cereal grain food products was emphasised, although 
there were few examples given of specific applications. 
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Table 4.2       Wall materials used in the food industry 
(adapted from Zhao and Whistler 1994; Augustin and others 2001; Augustin and 
Hemar 2009) 
Material class Examples of encapsulant materials 
Proteins Albumin, caseinates, gelatin, gluten, peptides, soy 
protein, vegetable proteins, whey proteins, zein  
Carbohydrates    Simple sugars Fructose, galactose, glucose, maltose, sucrose 
Gums Agar, alginates, carrageenan, gum acacia (gum 
Arabic), pectins 
Cellulosic 
materials 
Acetylcellulose, carboxymethyl cellulose, cellulose 
acetate butylate phthalate, cellulose acetate phthalate, 
ethyl cellulose, methyl cellulose, nitrocellulose. 
Other  
carbohydrates Chitosan, corn syrup solids, cyclodextrin, dextrins, dried glucose syrup, maltodextrins, 
modified starches, starches    
Lipids Acetoglycerides, beeswax, diacylglycerols, natural    
fats and oils, fractionated fats, hardened fats, lecithin, 
liposomes, monoacylglycerols, paraffin, tristearic 
waxes     
4.11 Microencapsulation and cereal grain foods 
Since the publication of the paper by Brazel (1999), there have been some significant 
advances in the use of microencapsulation for ingredients used in formulating grain- 
based foods. Notable among these has been the widespread production of capsules in 
which marine oils, and the omega fatty acids they contain, are rendered odourless.  
The resultant microcapsules are now routinely incorporated into selected baked loaves in 
Australia and other countries. This is one of the relatively few examples of a 
commercialised application for which there has been a corresponding investigation which 
demonstrated the effectiveness of the microcapsules. In this case, consumers of the 
resultant breads were found to have increased plasma concentrations of the omega fatty 
acids (Yep and others 2002). Another aspect of this application in baking is that the active 
agent being encapsulated is a lipophilic material. 
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There have been few reports of the preparation of microcapsules in which water-soluble 
encapsulants have been prepared and incorporated into bakery products. In a series of 
reports, Al-Widyan and Small (2004, 2005a, 2005b, 2005c) described the formation of 
capsules using a hot-melt technique and various waxes including carnauba wax. A variety 
of food acids were effectively encapsulated and incorporated into the formulations of 
Middle-Eastern flat breads as well as loaf breads.  
The resultant products were similar in appearance and quality characteristics to control 
preparations, indicating that the acidic components were not released during proofing and 
therefore the yeast was not inactivated or inhibited. In addition, the release of the acids 
due to the heat associated with the baking step provided enhanced flavor as well as a 
preservative effect. 
Following extensive reviews of the literature relatively few reports of vitamin 
microencapsulation were found, particularly as they relate to cereal grain foods, and those 
available are now described briefly. 
4.12 Microencapsulation for enhanced vitamin retention 
The potential of microencapsulation as a strategy to enhance the efficacy of food 
fortification has been discussed regularly (for example: Augustin and Hemar 2009; 
Augustin and Sanguansri 2007; Augustin and others 2001). However, there are relatively 
few systematic studies or specific examples clearly documented in the scientific 
literature. A small number of studies of vitamin encapsulation have been focused upon 
the water soluble vitamins, particularly ascorbic acid (Abbas and others 2012). This 
probably reflects the labile nature of the molecule, and its susceptibility to oxidation and 
adverse reaction to  heat and pH, as well as combinations of these (Table 4.1, Gregory 
2008). 
In the context of fortification of cereal grain foods with ascorbic acid, it is noted that 
relatively small quantities are widely used in breadmaking formulations (Williams and 
Pullen 2007). From a regulatory perspective, it can be classed as a processing aid (Food 
Standards ANZ 2015a), functioning in the development of the gluten matrix during 
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dough mixing, and facilitating entrapment of gas during fermentation (Joye and others 
2009a). In the dough, the molecules are readily oxidised to the dehydro form by 
endogenous enzymes (Joye and others 2009b) so that residual ascorbic acid is not readily 
detected in the resultant baked loaves of bread (Nizori 2013).  
Cereal grain foods including bread and noodles are regarded as particularly suitable 
choices for fortification with essential nutrients (Bui and others 2013; Food Standards 
ANZ 2015a), because they are staple foods. Accordingly, if ascorbic acid were to be 
incorporated as a fortificant it would need to be protected in some way so that release was 
effectively delayed until the enzymes were inactivated during baking. 
Following publication of a preliminary report on novel uses of starch for encapsulation by 
spray drying (Zhao and Whistler 1994), this approach was applied to the encapsulation of 
ascorbic acid (Trindade and Grosso 2000; Uddin and others 2001). Subsequent reports 
have extended this work to a wider range of starch based encapsulants and other 
polysaccharide agents (Wijaya and others 2011). In that study, ascorbic acid was 
incorporated with a series of fourteen different combinations of encapsulating agents 
using spray drying. The resultant capsules showed varying degrees of protection for the 
ascorbic acid during an extended storage trial, including prolonged storage at elevated 
temperatures.  
Further trials demonstrated that some of these microcapsules were effective in protecting 
ascorbic acid added into dough formulations through a typical rapid-dough baking 
process (Nizori 2013; Nizori and others 2010, 2011, 2012a, 2012b; 2012c). A review on 
microencapsulation of ascorbic acid was published during 2012 (Abbas and others 2012) 
which confirmed the widespread interest in the topic both from a food and a 
pharmaceutical perspective. It also indicates that there has been a variety of approaches to 
encapsulation of ascorbic acid, however, relatively very few studies have evaluated the 
effectiveness of these strategies directly in food systems. The reports on encapsulation of 
other water soluble vitamins (the B group) are very limited. Some studies have 
investigated folic acid and other members of the folate group. Results published by Goh 
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and others (2008), evaluated the use of a rice starch matrix in conjunction with spray 
drying, resulting in microcapsules having desirable size and morphological 
characteristics. Subsequent work confirmed that folic acid was recovered in high yields 
during this encapsulation procedure (Patty and others 2010).  More recently, another form 
of folate with potential application as a fortificant was encapsulated by spray drying and 
some enhancement in stability was observed in a model extrusion system (Shrestha and 
others 2012). 
There appear to have been very few previous studies of encapsulation of riboflavin, 
although investigations have demonstrated potential for encapsulation using hydrocolloid 
polysaccharides (Chung Yew 2004). More recently whey protein was found to be less 
effective as a protective matrix for riboflavin than for various hydrophobic molecules 
(O’Neill and others 2015). In a series of fundamental studies, the kinetics of diffusion of 
thiamin and nicotinic acid in novel glassy matrices have recently been described (Panyoyai 
and others 2015; 2016). These indicate that enhanced stability may be associated with low 
molecular mobility in such low moisture systems. 
4.13 Summary of current knowledge on vitamin retention and 
microencapsulation 
The nutritional requirement for a range of micronutrients including the fat- and water- 
soluble vitamins has long been established. In addition, the scientific literature 
demonstrates that many of the vitamins are relatively unstable, particularly during food 
processing and may also be lost during the storage and preparation of foods. As a result, 
foods are often fortified in an attempt to ensure adequate dietary intakes of these essential 
nutrients. In some countries there are specific legal requirements for mandatory addition 
of vitamins into staple foods or food ingredients.  
However, the potential loss of fortificants is also recognised as an issue of concern 
globally. Microencapsulation has the potential to provide enhanced retention of vitamins 
in foods and a series of preparation techniques have been described along with a variety 
of encapsulating agents. 
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Chapter 5 
Summary of background and description of Project Aims 
The purpose of this chapter is to briefly summarise the context in which this project has 
been developed and to describe the aims of the research program. 
5.1 Summary of the current situation and significance of the project 
There has been a growing global interest in Asian noodles during recent decades, and these 
products account for almost 50 percent of the wheat consumption in China as well as 
many other Asian countries. Cereal grains are not only a major source of both energy and 
protein for a growing proportion of the population, but also supply a considerable number 
of essential nutrients including various micronutrients, particularly vitamins. 
One possible strategy for enhancing the nutritional profile of noodles would be the 
incorporation of small proportions of flours from other grains known to be richer in 
protein. The pulse grains are members of the Leguminosae family and these are well 
known as having higher protein contents than the cereal grains. A further advantage of 
this approach would be that the amino acid balance of the resultant foods would be 
enhanced for the purpose of human nutrition due to the complementary amino acid 
profiles that have been reported for the cereals and pulses. However, before the 
widespread adoption of such an approach an investigation of the influence of the pulse 
flours upon both the colour and sensory appeal of the noodles produced with pulse flour / 
wheat flour mixtures needs to be undertaken. 
Whilst cereal grains and cereal grain foods are typically regarded as good sources of many 
micronutrients, including the B-group vitamins, losses do occur and recent research has 
demonstrated very low rates of retention of some of these vitamins. Previous 
comprehensive studies of the three primary forms of Asian wheaten noodles have  clearly 
identified areas of practical concern with widespread implications for nutrition and well-
being. The losses of thiamin (B1) and riboflavin (B2) due to the alkaline conditions found 
in some Asian noodles, particularly at steps where heating is applied during 
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processing and preparation, are very high. Thus, some foods, including alkaline type 
noodles, which have often been thought of as good sources of these nutrients are in fact 
not the case. 
Although there have also been some reports describing microencapsulation of selected 
micronutrients, these are quite limited and relatively few have focused upon the B-group 
vitamins. In addition, even less is known regarding the efficacy of microencapsulation 
strategies for vitamin fortification of food products. Further work is now needed to study 
the formulation and preparation of microcapsules. These should be extended to evaluation 
of the ultimate recovery of the vitamin following incorporation of the microcapsules in 
practical situations at least representing those encountered in industrial production of 
Asian noodles. 
5.2 Hypothesis 
The research reported in this thesis has been based upon the hypothesis that for some 
forms of Asian noodles, nutritional enhancement might be achieved through the 
incorporation of pulse flours into the noodle formulation. It is further hypothesised that 
microencapsulation of vitamins (particularly in food fortification) and cooking method 
may be a useful strategies for enhancing retention of  these essential nutrients, such as 
protein and vitamin contents. 
5.3 Project aims 
The broad aim of this PhD project has been to investigate various aspects of noodle 
making, and strategies for enhancing the nutritional profile and hence the health benefits 
of selected Asian noodle products. 
The specific objectives have been to: 
1. Investigate procedures for the production of Hokkien style noodles, particularly
focussing on the incorporation of selected pulse flours as a means to enhance the
protein content and hence the nutritional value, whilst minimising any adverse
changes to the sensory attributes of the products;
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2. Study the potential of the microencapsulation of B-group vitamins by spray drying,
particularly focussing upon capsular properties;
3. Evaluate and compare a range of hydrocolloid wall materials for microencapsulation
of water-soluble components;
4. Investigate the influence of the microcapsules on the final stage of uncooked noodle
dough, along with the selected cooking method;
5. Study the effectiveness of the microcapsules in enhancing vitamin stability and
retention in noodle preparations after processing;
6. Investigate the protein content and vitamin contents on final uncooked and cooked
noodle products;
7. Utilise Sensory Panel Evaluation and a Noodle Specialist to assess the final product,
for consumer acceptance on noodle attributes and taste.
8. Further investigate the shelf-life from noodle samples that is vacuum packed in
triplicate batches; undisturbed and refrigerated storage at <4°C for 21 days.
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Chapter 6 
Materials and methods 
The purpose of this chapter is to describe the chemicals, reagents, equipment and methods 
used during the course of this study. This encompasses procedures applied in the 
preparation and sampling of Hokkien style noodles, including pulse flour incorporation as 
well as extraction procedures and the analytical methods applied. In addition, methods for 
the incorporation of selected B group vitamins, the preparation of microcapsules for 
fortification containing thiamin and riboflavin and their incorporation into Hokkien style 
noodles, are detailed. 
6.1 Materials 
A series of flour samples having different characteristics and suited to different end uses 
were obtained from either retail or commercial outlets, all located in Melbourne. The 
details of the flours are presented in Table 6.1. The wheaten flours were used without 
further refinement.  However, the pulse flours had variable particle sizes, and so each 
pulse flour was reground using a Falling Number 3100 grain mill, fitted with a 0.8mm 
screen, in order to ensure that a uniform fine flour was available for incorporation into the 
noodle formulations. 
In the preparation of noodles made for the experiments reported in this thesis, the primary 
wheat flour used was a Bakers wheat flour. Pulse flours were also incorporated in some 
cases and these were mixed thoroughly with the bakers flour prior to use. For comparative 
purposes, a series of commercial samples of fresh Hokkien style noodles were obtained 
and these are described in Table 6.2. 
The chemicals, including those used in the preparation of noodles, for formulations of 
microcapsules and for all analytical procedures were of analytical grade wherever this was 
available and unless otherwise specified. The water used for routine procedures including 
noodle preparation and spray drying of vitamins was purified in the form of demineralised, 
filtered water. For vitamin analysis by HPLC, ultrapure water was used as described in 
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Section 6.12. A reference sample was used for method validation and in the assessment of 
analysis procedures. Further information regarding the vitamin reference samples and 
specifications, as well as the chemicals used, is shown in Tables 6.3, 6.4 and 6.5. The 
sources of the hydrocolloids used as wall materials during the microencapsulation of 
thiamin and riboflavin by spray drying are listed in Table 6.6. 
Table 6.1 Details of the flours used in this study 
Designation  Flour type Source 
M1 Bakers flour Commercial bakers strong wheat flour, 
 Weston Milling , North Melbourne, Victoria 
M2 Farina Softer flour Continental Farina wheat flour, Weston 
Milling , North Melbourne, Victoria 
M3 Medium wheat flour Combination of Bakers and continental 
Farina: mixed in equal portions. Weston 
Milling , North Melbourne, Victoria 
F1 Mung bean flour Origin Thailand, imported by Wah Lien 
 Trading Pty Ltd, Kensington, Victoria. 
F2 Mung bean flour M K S International Pty Ltd (Imported), 
 Dandenong, Victoria. 
F3 Besan (Chickpea) Flour Soland Health Foods (Australian Product), 
 Everton Hills, Queensland. 
F4 Besan (Chickpea) Flour Imported from Sri Lanka, packed by Ceylon 
 Curry Corner, Melbourne, Victoria. 
F5 Lentils (yellow) Ceylon Curry Corner, Melbourne 
F6 Soybean Flour Lotus Organic Foods (Australian product), 
 Cheltenham, Victoria. 
Note Samples of the pulse flours (designated F1 to F6) were procured as flours with the exception of 
the lentils. The latter were the cotyledon material without any seed coat attached. The six pulse flours were 
prepared by grinding of the cotyledons or the flour as purchased. This was done by grinding the cotyledons 
or re-grinding the flours to pass a 0.8mm screen, using a Falling Number 3100 grain mill. 
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Table 6.2 Description of samples of commercial Hokkien noodles 
Designation Brand Ingredients (as listed) Origin 
C1 Fantastic Wheat Flour, Water, Salt, Vegetable 
     Oil, Colour (160a, 160b, 100), 
Thickener (405), Mineral Salts (500, 
501, 341), Preservative (202) 
C2 Gold star wheat flour, water, lye water, natural 
colour E100, preservatives (300) (281), 
canola oil for coating 
C3 Wokka Water, Wheat Flour, Canola Oil,  
Humectant (422). Salt. Acidity  
Regulator: (575), Colours: (102, 110) 
C4 Chun Yuen wheat flour (72%), water, vegetable 
oil, noodle improver, emulsifying salt 
(451, 450) , thickener (415),  
preservative (202), lye water, baking  
powder, colour (101, 102) 
Australia 
Australia 
Australia 
Australia 
Notes 1 Information presented here reflects that provided on the labels of the products as purchased 
    2 Further explanatory information on the label data is presented in Tables of Chapter 7 
 Analyses of the samples are compared with samples prepared in the experimental trials in 
      Chapter 7 
Table 6.3 Sources and details of vitamins and the vitamin reference sample 
Vitamin/sample Description Supplier 
Thiamin hydrochloride T4625, 49H0392 Sigma Chemical Co, USA 
Riboflavin R-4500, 97H0433 Sigma Chemical Co, USA 
American Association of 
Cereal Chemists (AACC) 
reference sample 
Cereal sample from the 
Vitamin, Mineral and 
Proximate Check (VMP-3) 
Sample number VMA 399 
AACC, St Paul, MN, USA 
Note Description presented as product number, batch or lot number 
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Table 6.4 Specifications for vitamins in the AACC reference sample 
Vitamin Mean 
(mg/kg) 
Number of 
analyses 
Standard 
deviation 
Coefficient 
of     
variability 
(percent) 
Range of 
vitamin 
contents 
(mg/kg) 
Thiamin 69.3 14 7.0 10.1 60.6 – 82.8 
Riboflavin 59.7 16 7.9 13.2 48.9 – 76.0 
Note The values in this table are those provided with the sample and represent the results obtained by  
the laboratories which originally participated in the check sample collaborative survey run by AACC. 
The original data have been recalculated (to units of /kg) where necessary. 
Table 6.5 Details of chemicals and suppliers 
Suppliers Chemicals 
BDH Laboratory 
Supplies, England 
Ajax Chemicals, 
Melbourne 
1-Octanesulphonic acid sodium salt (152803U, K26857058), 2-
methyl-1-propanol (100625K, H728341-920), Acetic acid
(100015N, K27574117012), Acetonitrile (152856K, 034210
221), di-Sodium hydrogen orthophosphate (30158.5000, 22160),
Ferrous sulphate (101124V, TA711641511), MeOH (15250,
L050502), Orthophosphoric acid (153153N, K29299573128),
Perchloric acid 60% (10175, 249C235675), Potassium chloride
(10198.7X, 30523), Potassium hydroxide (10210.5000, 21336),
Sodium acetate (010236.5000, 20876), Sodium chloride
(10241.AP, 26194), Sodium dihydrogen orthophosphate (30132,
18560), Sulphuric acid (303246E, Z50960792)
Sodium hydroxide (10252.7R, 24444), Glasswool (1755, 
70147712), Sodium carbonate (1225, 216302) 
Note Description presented as chemical name (product number, batch or lot number) 
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Table 6.6  Hydrocolloids used in the microencapsulation of vitamins 
Supplier Hydrocolloid material 
Sigma Chemical Co, USA Rice starch (S-7260), alginic acid (sodium salt 
    from brown algae) (A-2033) and xanthan gum  
 (XG) (286028) 
Bronson and Jacobs, Australia Guar gum (32826) 
Langdon Ingredients, UK Gum Arabic (44386) 
Danisco Textural Ingredients Carrageenan (411833) 
CP Kelco, Genu, Denmark LMP (Pectin type LM – 104 AS, 2200) 
Note      Description presented as chemical name (product number) 
6.2 Apparatus and auxiliary instruments 
The various instruments used for this project, together with the details of manufacturers 
and model numbers are presented in Table 6.7. The specialised instrumentation used for 
various stages of the research are described in Tables 6.8 – 6.11. These include those 
utilised for preparation of doughs and noodle products, (Table 6.8), the HPLC system 
(Table 6.9), the columns and ancillary items used for HPLC (Table 6.10) as well as the 
system components used in the microencapsulation of vitamins (Table 6.11). 
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Table 6.7 Description of general laboratory equipment and instrumentation 
Equipment Manufacturer/supplier Model number 
 Thermoline Scientific Instruments  
    Pty Ltd, Melbourne 
  BTC 90
Minolta Camera Co Ltd, Japan CR 300 
Unisonics Pty Ltd, Sydney,     Type Fx 14PH 
    Serial no. 469 
   Varian Australia Pty Ltd, 1E 
   Melbourne 
Kartell Pacific Ltd, Singapore PMMA 1941, PN 
  Janke and Kunkel, Stanfen, 
  Germany 
    T 25
Endecotts Ltd. London, England Part No. 667924, 
Getinge Australia Pty. Ltd. 
Bulimba Brisbane 
Labec, Laboratory Equipment 
Ltd. Sydney 
Memmert, GmbH, 
 Beckman Instrument, Inc, 
Germany 
    Unit No. 2206.00 
    Serial No. G240 
   Type: UML 500, F 
No: 891319, NIN  
12880-KI 
      GS-15R, 360904, 
      series GYD 95H13. 
Falling Number AB, model 3100 With 0.8mm screen 
Philips, China. HR 2185 
    Tecator, Sweden Kjeltec 2100 
    Perkin-Elmer, Corp, UK DSC-7
Water bath 
(thermostatically 
controlled) 
Minolta Chroma 
Meter 
Sonicator 
Australia 
Cary 
Spectrophotometer 
(uv-visible) 
Cuvettes 
1961 
Ultra-Turrax 
homogeniser 
Sieve (5μm) 737176 
Autoclave 
Steam bath 
Oven 
Germany 
Centrifuge 
Laboratory mill 
Coffee grinder 
Kjeldahl protein 
analysis system 
Differential scanning 
calorimeter 
pH meter 
Hanna Instruments, Italy pH211 
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Table 6.8 Equipment used in noodle manufacture 
Equipment Manufacturer/supplier Model number 
Rice cooker and steamer National Panasonic 
Kenwood mixer Kenwood Ltd, Britain KM210, 
Serial no. 0309397 
Noodle maker Domestic spaghetti machine 
Imperia, Torino, Italy 
Model 150, design no. 
1048534 
Cutting attachments for 
noodle maker 
     Imperia, Torino, Italy Model 150 
Table 6.9 Description of HPLC system components 
Equipment Manufacturer Model number 
Data handling system Varian Australia Pty Ltd, Melbourne Star Chromatography 
software, Star WS 5.31 
Variable wavelength 
detector (uv-visible) 
    Varian Australia Pty Ltd, Melbourne 9050 
Solvent Delivery System        Varian Australia Pty Ltd, Melbourne      9012 
Fluorescence detector             Varian Australia Pty Ltd, Melbourne     9070 
Polychrome Varian Australia Pty Ltd, Melbourne     9065 
Auto Sampler Varian Australia Pty Ltd, Melbourne     9100 
SSI 505 LC column 
oven 
    BioRad Laboratories, Melbourne AA4910282 
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Table 6.10 Description of columns and ancillary items used in  HPLC analysis 
of vitamins 
Item Manufacturer Model number 
Waters Spherisorb ODS 2, 
5µm, 250 x 4.6 mm 
Allsphere ODS 2, 5µm, 
250 x 4.6 mm 
Waters-Resolve C-18, 
5µm (3.9 x 150 mm) 
Phenomenex ODS 3, 
5µm (250 mmx4.6) 
Guard column 
Allsphere ODS 2 C-18 
5µm, 7.5 x 4.6 mm 
Alltech Associates (Aust) Pty Ltd, 
Melbourne 
Alltech Associates (Aust) Pty Ltd, 
Melbourne 
Waters Australia Pty Ltd, 
NSW 
Australian Chromatography Co, 
Melbourne 
Alltech Associates (Aust) Pty Ltd, 
Melbourne 
SN: 00061703.1, 
Lot No.126 
SN: 97120273 
Lot No. 26/045 
85711, T 31721 
SN: 169297, 
P No. 006-4097-EO 
96403, H27 
Reversed-phase test mix    Alltech Associates (Aust) Pty Ltd, 
Melbourne 
PN: 1895, L16 
C-18, SAX, Silica
cartridge
Solid phase extraction 
cartridges 
Alltech Associates (Aust) Pty Ltd, 
Melbourne 
Waters Australia Pty Ltd, NSW OASIS HLB, OASIS 
MCX, OASIS MAX, 
Sep-pak plus 
Advantec filter paper         Toyo Roshi Kaisha, Ltd. Japan. Type 5C 
Lot B0810111 
Filter unit, FP    Schleicher & Schuell, Germany Point 2 (0.2 μm) and
point 4 (0.4 μm)
Nylon membrane filters 
Cellulose acetate filter 
 Alltech, Australia 0.45μm
0.2 μm
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Table 6.11  Description of instruments used for microencapsulation and 
characterisation of microcapsules 
Equipment Details Source 
Spray dryer Niro Atomiser 
Serial No: 1902 
Niro, Denmark 
Rotary atomiser Vane type Niro, Denmark 
Peristaltic pump Model No.: 7521-35 Barnett Company (a 
division of Cole-
Palmer Instruments, 
Chicago) 
Environmental Scanning 
Electron Microscope (ESEM) 
FEI Quanta 200 ESEM FEI Company, USA 
Particle sizer (based upon 
laser scattering) 
Note    Illustrations of some of these 
instruments are provided in 
subsequent sections of this chapter 
Mastersizer X (Model 
MSC025A) 
Malvern Instruments, 
Vs.1.0, Worcestershire, 
UK) 
Chapter 6 
71 
6.3       Laboratory procedures for preparation of Hokkien style Asian 
noodles 
Noodle samples were prepared using procedures based on those described by Moss and 
others (1987). Similar formulations and processing techniques were used to produce 
Hokkien style noodles using wheat flours and combinations of these flours with the six 
different pulse flours. The specific formulations of the noodles incorporating the pulses 
are summarised in Table 6.12. The approach used here has been based on selected 
published methods (Kruger and others 1992; Oh and others 1985, 1986). 
The ingredients were prepared as follows: 300g of flour was taken. This was either wheat 
flour only or a combination of wheaten flour and pulse flour (see Section 6.4). The 
alkalising agent, Kansui, was prepared as a mixture of sodium and potassium carbonates 
in the ratio of 9: 1 and this was added at a rate of 0.5% (on the basis of flour representing 
100%) along with common salt (sodium chloride, 0.5%). Based upon preliminary 
evaluations, the volume of water required for 300g of flour to form a suitable dough was 
found to be 120mL, and this was used for all flours including composites in which pulses 
were added. In some trials, vitamin microcapsules prepared by spray drying were also 
incorporated into the noodle formulation. 
It was also found that adding a small quantity of cooking oil gave a glossy appearance 
and elasticity to the finished cooked noodles.  Optimum results were achieved when the 
oil was added at a rate of 3mL per batch of noodle ingredients, based upon 300g of flour. 
Any amount above that gave a toughness and rubbery texture to the dough which made it 
difficult to roll and produce sheets of dough. At rates of incorporation below that, it was 
observed there was virtually no effect on the noodle characteristics including the 
appearance. 
Mixing:  Kansui was added to the flour over a period of 30 s in a Kenwood mixer set on  
speed one and the mixing time began when all the liquid had been added. The mixer was 
set at the lowest setting (speed 1) for 1 min then it was stopped so that the dough material 
adhering to the bowl and beater could be scraped down. After that, the speed of the mixer 
was increased smoothly to setting 3-4 and allowed to mix for a further 4 minutes. After a 
total of 5 min mixing (1 plus 4 min), the resultant doughs had the desired consistency  
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which was crumbly, similar to that of moist breadcrumbs. The dough was then transferred 
to the noodle machine and sheeted between the steel rollers. 
Rolling: The dough was first formed into a dough sheet by a process of folding and 
passing the crumbly dough through the rollers of the noodle machine several times. For 
this combining step the rollers were set at the maximum gap available, corresponding to 
2.7 mm. Typically, three passes were required, although up to five passes were used 
where necessary in order to give a uniform sheet which held together as a single dough 
piece. The combined sheet was then allowed to rest for 30 min.  during which time the 
sheet was covered with aluminium foil to exclude light, and then sealed in a plastic bag to  
prevent moisture loss. After resting, the thickness of the sheet was reduced stepwise by 
passing between the rollers of the noodle machine. The final roll gap setting used was 
typically 2.2 mm although in preliminary trials some dough sheets were further reduced 
by passing through the rolls set at 1.8 and 1.4 mm. 
Cutting: The sheet was then cut into strands using the cutting roll attachment of the 
noodle machine set at a cutting width of 2.5 mm.  For some selected samples an 
attachment was used so that the width was 1.2mm. The noodle strands were then cut into 
25 cm lengths using a knife before cooking. 
Batching and Cooking (Boiling and Steaming): A small portion of the dough (raw 
noodle) of each sample was set aside for protein testing. The raw (uncooked) noodles 
were evaluated for colour, weight and protein testing on the day of preparation.  After 
cutting, the noodles were steamed for 8 min. and then rinsed briefly with cold water and 
drained of excess water. The cooked samples were then re-weighed.  
The 30 noodle samples were prepared with the blend mentioned in Table 6.12 and 6.13. 
The batches were then divided into uncooked, boiled and steamed samples. These 
samples were divided into duplicates and the sample numbers were allocated. Separate 
bags of samples were grouped and labelled according to the days designated for further 
testing and then stored. Cooked samples were also had 5 ml of oil added to it to prevent 
them from sticking together and it was stored in vacuum packed bags under refrigeration 
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(<4°C) for an extended period of up to a month in order to evaluate the shelf life of the 
product.  
6.4 Procedures applied in the incorporation of pulse flours into the  
   formulation of Hokkien noodles 
Various proportions of the pulse flours were incorporated into the noodle formulations 
according to the schedule and experimental design presented in Table 6.12, along with the 
batch numbers used for the resultant samples. 
6.5 Procedures for comparing cooking methods for noodles 
The cooking method of boiling and steaming were conducted to compare the nutritional 
values of the moodle end product. Noodles were cooked immediately after the cutting step 
was completed. All noodle samples were then cooled after cooking, briefly washed with 
cold water and left to drain to remove surface water. Various cooking times and 
temperatures were explored in trials to determine the optimum conditions to give the 
cooked noodle the desired texture. 
In each case the optimum cooking time was measured. This was established by squeezing 
a strand of the noodle between two glass plates to determine if the core of the noodle was 
clear and that the uncooked core had completely disappeared. After cooking to the 
optimum point, noodles were stored in plastic bags and refrigerated at <4°C. The cooked 
noodle samples were designated numbers to facilitate identification. These numbers are 
presented in Table 6.13. Cooking yields were measured following the method described by 
Miskelly (1984) using  the formula : 
Cooking yield (%)   =   final weight x 100 
    original weight 
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Table 6.12 Quantities of flours blended in the evaluation of pulse 
incorporation into noodle doughs (g) 
Batch M1 M2 M3 F1 F2 F3 F4 F5 F6 
1 X 
2 X 
3 X 
4 X 
5 X 
6 X 
7 270 30 
8 240 60 
9 210 90 
10 180 120 
11 270 30 
12 240 60 
13 210 90 
14 180 120 
15 270 30 
16 240 60 
17 210 90 
18 180 120 
19 270 30 
20 240 60 
21 210 90 
22 180 120 
23 270 30 
24 240 60 
25 210 90 
26 180 120 
27 270 30 
28 240 60 
29 210 90 
30 180 120 
Note Wheat flour only samples (batches 1 to 6; see Table 6.13) were prepared to 
different dimensions  
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Table 6.13 Sample identification numbers for noodle samples 
Sample 10% 20% 30% 40% 100% 
Bakers strong flour 1 
Medium flour 2 
Soft flour 3 
Bakers strong flour (duplicate) 4 
Medium flour (duplicate) 5 
Soft flour (duplicate) 6 
Mung bean (1) 7 8 9 10 
Mung bean (2, roasted) 11 12 13 14 
Besan (1) 15 16 17 18 
Besan (2 roasted) 19 20 21 22 
Lentils 23 24 25 26 
Soya 27 28 29 30 
Note Samples 1 to 3 were heated to 80oC for 5 mins, and were sheeted and cut to smaller sizes 
Samples 4 to 30 were cooked at 100oC for 9-11 mins as the noodles were sheeted and cut to    
the larger setting sizes. Bakers strong flour (selected on the basis of the highest protein 
level from Table 7.1) was chosen to be used to incorporate with samples 7-30 at 
percentages as allocated in the table. 
6.6 Procedures for the measurement of the composition of pulse 
flours, wheat flours and noodle products 
In the analysis of all samples, multiple analyses were carried out as described for the 
individual analysis procedure. In all cases the results for at least duplicate measurements 
of individual samples were assessed statistically and are reported as the mean value + 
standard deviation. In reporting data, the latter is abbreviated as ‘sd’ and the number of 
replicate determinations is referred to as ‘n’. 
6.6.1 Determination of protein content of the samples 
The protein content of pulses and wheat were determined by the Kjeldahl procedure, 
using a copper catalyst, standardised hydrochloric acid (0.1M) and a standard AACC 
procedure (AACC 1994c). A sample size of 1 gram was used for all flour and noodle 
samples. A sample of relatively pure glycine (0.100 g) having a known nitrogen content 
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was used as a nitrogen reference. The protein content of each sample analysed was 
calculated from:  
Protein content =  nitrogen content  x protein conversion factor 
In the case of wheat flour and all noodle samples, the protein conversion factor used was 
5.70, whereas for the original pulse samples the factor used was 6.25. The final results 
presented are the mean of triplicate analyses. 
6.6.2 Moisture determination 
The moisture contents of samples (flours, doughs, steamed noodles and cooked noodles) 
were measured following the air oven method (AACC 1994b). For each sample analyses 
were carried out in duplicate and sub-samples of approximately 2.0 g were weighed. The 
process of drying, cooling and weighing was repeated after 1 h until a constant weight 
was attained. The loss in weight was used to calculate the moisture content of the samples 
using the following equation: 
Moisture Content = Loss in weight of dish, lid and sample upon drying 
Initial weight of sample 
6.6.3 Measurement of the pH of flours and noodle samples 
The pH values of flour and noodle samples were determined by the AACC standard 
procedure (AACC 1994a). For this, a sample (10 g) was thoroughly blended in 100 mL of 
distilled water using the Ultra-Turrax homogeniser. The mixture was then allowed to 
settle for approximately 30 min after which the supernatant liquid was decanted and 
tested with a calibrated pH meter. All analyses were carried out in triplicate. 
6.6.4 Measurement of noodle colour 
The colour of the instant noodles was determined using a Minolta Chroma Meter. The 
instrument was first calibrated using the white calibration tile supplied by the instrument 
manufacturer. For analysis, the three different colour parameters, L*, a* and b* were 
recorded. The L* value measures the degree of whiteness/darkness and the higher the L* 
value, the lighter the colour. The a* value indicates the balance between redness and 
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greenness of the sample with positive values corresponding to red colours and negative 
to green. The b* value indicates the balance between yellowness (+) and blueness (-). For 
a* and b* readings, values closer to zero indicate less intense colour whereas readings 
further from zero correspond to more intense chroma characteristics (Hutchings 1999). 
Multiple sets of readings (n x 10) were taken on all samples by moving the measuring 
head on a random basis to different locations on the surface of the sample between 
readings. Mean values are reported. 
6.6.5 Measurement of noodle texture 
The  textural properties of noodles were examined using the textural analyser (TA-XT2) 
equipped with the Texture Expert Exceed software package (Stable Micro Systems 1995) 
using a flat (stainless steel) cutter/blade (7 x 11.5 x 0.3cm).  Maximum cutting  force (N) 
was measured, which  represents front tooth action (Hou et al 2010). Measurements were 
done at various stages during  processing, however, those presented were made on the 
cooked noodles. Texture was analysed within 30min of preparation. 
For each treatment, two preparations were analysed, with 15 separate cuttings 
(measurements) taken for each preparation of noodles. The instrument  settings were as 
follows: mode: measure maximum cutting force; option: return to start, pre-test speed: 
0.5mm/s, test speed: 0.17mm/s; post-test speed: 10.0mm /s, distance 4.5mm; trigger type: 
button; data acquisition rate: 400pps; test set-up: five strands of noodles adjacent to one 
another centrally under the knife blade, with the axis of the product at right angles to the 
blade (Stable Micro Systems Ltd 1995). The cutting stress results are taken as a measure of 
noodle firmness, corresponding to the maximum cutting force required to penetrate the 
noodles. For all measurements the TA–XT2 was equipped with a 5kg load cell. 
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6.7 Overview of procedures and approaches adopted for spray drying 
Preparation of the solutions used as the feed for spray drying as well as the procedures 
and conditions used for microcapsule formation were based upon various published 
methods described by Uddin and others (2001); Zhao and Whistler (1994); Wijaya and 
others (2011); and Hau (2008) and the methods have been adapted and validated. These 
were modified for the purposes of the various phases of this study and the specific details 
of the procedures used are described in the following sections. 
Solutions of the chosen hydrocolloids were prepared with 1-2% of alginate/pectin (A:P) 
gum while stirring for an hour. Rice starch (30%) was added to an equal volume of water 
with thorough mixing to ensure uniform suspension of the granules at a temperature of 
40-50°C. This was then added to the gum (A:P) solution along with 0.5% of the vitamin.
The final pH was adjusted to 4.0 and the solution spray dried.
6.8 Preparation of microcapsules by spray drying 
A Niro Atomiser minor unit (Niro, Copenhagen) was used with the drying conditions set 
at : flow rate 7-10mL/min, air pressure of 5kg/in2, inlet temperature of 120°C and outlet 
of 80- 90°C (Trindade and Grosso 2000). The chamber of the spray drier was pre- 
warmed with the electric heater while air was flowing through the dryer and equilibrated 
to the desired level of 120oC (the inlet air temperature) prior to introducing the prepared 
feed material containing one or two vitamins and various hydrocolloids. During this pre-
warming stage, no liquid was being pumped into the chamber, and heating was continued 
until the readout on the instrument control panel indicated that the required temperature 
of 120 °C had been reached and was stable.  
Typically, this required approximately 15-20 minutes and the settings which were applied 
were: main controller I (winding of electric heater with half capacity, approximately 3.75 
kW), and fine adjustment setting of 6.0-6.8. If necessary, the latter was adjusted so the 
inlet temperature was 120 °C. Next, the peristaltic pump was used to pump warm water 
(approximately 35 °C) into to the drying chamber. As soon as the pump was turned on, 
the air pressure controller was activated and the setting increased to 5.0 kg/m². Care was 
taken to increase the pressure smoothly and gradually over a period of a few minutes.  
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The spray dryer facilities utilised in the current study are shown in Figure 6.1. The 
pumping of warm water was typically continued for a period of approximately 20 
minutes and at the same time the stability of the measured temperatures for both the inlet 
and outlet air flow was monitored. The temperature achieved at the outlet during this 
warm-up period was within the range of 72-82 °C. Once the instrument was running 
smoothly, and the temperatures were stable (inlet and outlet temperature were within the 
range 120-121°C and 80-83°C respectively), the pump inlet tubing was transferred into 
the feed solution to be spray dried.  
A clean, pre-weighed jar was immediately placed into the receiver position, directly 
below the cyclone assembly at the front of the instrument. In addition, the flow rate of the 
peristaltic pump was checked by monitoring the time taken for a known volume of the 
particular feed solution to be transferred to the chamber. The flow rates used in this study 
ranged between 7-10 mL/min and the specific selection was made on the basis of the 
viscosity of the solution. The higher flow rates were applied for those solutions with the 
lower viscosity, and if necessary the speed control of the pump was adjusted. 
Figure 6.1      Spray dryer using rotary disc used for microencapsulation 
When all of the feed solution had been pumped into the spray drying chamber, warm 
water was again used for a period of ten minutes to assist cleaning of the spray drying 
chamber and atomizer. Finally, the air pressure setting was gradually decreased to zero 
over approximately 2 minutes and the main controller was then turned from M (fan 
motor) to O (chamber light and panel live indicator light). At the end of every spray 
drying run, the atomiser, the drier chamber, as well as the connecting assemblies were 
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cleaned thoroughly to prevent contamination of microcapsules prepared in any 
subsequent trial. The microcapsules were collected in the receiver jar, allowed to cool and 
weighed so that the yield of microcapsules produced could be calculated. This was done 
by dividing the weight of microcapsules by the total dry weight of the ingredients 
incorporated into the feed solution, and the result was expressed as a percentage. The 
yields of microcapsules produced were calculated using the following formula: 
Weight of product recovered in sealed collection jar 
Yield (%) =    x 100 
   Weight of encapsulating agent(s) and vitamin (dry weight of feed) 
It should be noted that any product adhering to the inner walls of the chamber or other components 
of the spray dryer was not collected nor considered in calculating the yield. Each capsule 
preparation was placed into a sealed jar for storage until required for incorporation into a noodle 
formulation or further analysis. Samples were stored in air-tight containers, in the dark, at ambient 
temperature (approx 22°C) for up to six months. The microcapsule samples were analysed for 
their vitamin and moisture content, their particle size distribution, colour and their surface 
structure. 
6.9 Measurement Morphology using ESEM 
The outer surface structure of the microcapsules was observed using the FEI Quanta 200 
ESEM (Figure 6.2) at an accelerating voltage of 30 kV; pressure of 0.5 Torr; spot size of 
5.0; and working distance of 10 mm. For this, a small quantity of each microcapsule 
preparation was mounted on a metal stub using double sided adhesive tape and the 
features viewed under various magnifications in a low vacuum atmosphere. 
Figure 6.2    FEI Quanta 200 ESEM used in the current study 
Chapter 6 
81 
6.10 Particle size analysis by laser diffraction 
The particle size distribution of the microcapsules was measured by laser diffraction 
using the procedure described by Cornell and others (1994), and for each individual batch 
of microcapsules prepared, triplicate analyses were performed. Small amounts of 
microcapsules were used, with the amount being adjusted to provide readings that 
corresponded to approximately 30% obscuration in order to achieve representative results 
(Cornell and others 1994). Measurements were performed after dispersing the capsules in 
iso-butanol with continuous stirring. This liquid was selected for the analysis due to its 
ability to effectively act as a dispersant without in any way disrupting the capsule 
structure (Kwak and others 2009). The instrument used for laser beam scattering was a 
Malvern Mastersizer X (Figure 6.3)  fitted with a 300 mm range lens (suitable for a range 
of particle sizes of approximately 1.2-600 μm diameter) and the stirred cell option. 
Figure. 6.3   The Malvern laser beam scattering instrument (Mastersizer X) 
6.11 Fortification of noodle samples with the B group vitamins, B1 & B2 
Samples of noodles were prepared in which additional B group vitamins had been 
incorporated into the formulation by microencapsulation. This was achieved by including 
the dry microcapsules with the flour at the mixing stage . and then following the noodle 
preparation procedures described above. It should be noted here that the fortification 
levels are expressed on the basis of the fresh weight of flour. The quantity of capsules 
used was based upon the amount of the vitamin in the capsules which would provide 
approximately the equivalent of one Australian RDI quantity of the vitamin per 30g 
wheat flour. This last value is that used in current regulatory practice where 30g 
corresponds with the serving size of a number of wheat based foods (Food Standards 
ANZ 2015a). 
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6.12 General sampling and extraction procedures used in the 
  analysis of vitamin content 
Flours and microcapsule preparations did not require pre- treatment prior to analysis.  
The noodle samples investigated, including commercial products as well as those 
prepared in the laboratory, were in the fresh form. Samples were taken to ensure 
representivity and the sub-samples were homogenized in the extracting solution (0.1M 
HCl) using the Ultra-turrax homogeniser. 
Homogenisation 
A suitable quantity of sample (1-7 g for each sample, including dough, fresh noodles, 
steamed noodles, cooked noodles and microcapsules) was weighed and blended with a 
minimum volume of diluted acid (0.1 M, either HCl or H2SO4) for a short period (20 s to 
2 min). The volume used was that sufficient to allow effective maceration of the 
particular sample. 
Autoclaving 
All the prepared samples were autoclaved at 121oC for 15 min and then cooled to room 
temperature before any further specific treatments. In addition, for the analyses of 
riboflavin and thiamin, if the assay could not be finished in one day, after autoclaving, the 
filtrate was stored in a refrigerator at 4oC until the following day. 
6.13 Procedures and calculations applied generally in the analysis of  
            vitamins 
Due to the potential sensitivity of the vitamins to light, all procedures were performed in 
the absence of direct light. In addition, samples and sample extracts were covered with 
aluminium foil to exclude light and brown glassware was used wherever possible. Except 
where otherwise indicated, all steps in analytical methods were performed without delay. 
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6.13.1 Procedures used in the validation of vitamin analysis methods 
A variety of approaches was used to ensure the validity of the methods and the resulting 
analytical data. During the development and establishment of the methods, the initial 
approach was to measure standard solutions of either individual vitamins or mixtures of 
these. Secondly, the AACC reference sample was used and the results evaluated in 
relation to the specifications supplied with the sample (Table 6.4). The third procedure 
involved recovery studies in which flour samples were spiked with appropriate amounts 
of the standard vitamin compound prior to extraction. Recoveries were calculated as 
follows: 
Recovery = percent (vitamin in spiked sample - vitamin in unspiked sample)  x 100 
vitamin added in spiked sample 
6.13.2 Calculation of vitamin contents to a dry weight basis 
In some cases, the results obtained for contents of each of the vitamins in flour, dough 
and noodle samples were adjusted, by calculation, to a dry weight basis. The purpose was 
to facilitate the direct comparison of the results particularly for different sample types. In 
these cases the data were recalculated to a dry weight basis (where the moisture  content 
is zero) and so the following equation was applied: 
Vitamin content = vitamin content    x 100 
(adjusted to a dry) (as is basis) 100 – actual moisture of sample 
6.13.3 Duplication and presentation of analytical results for vitamin 
            contents 
In the analysis of samples for vitamin content, at least duplicate sub-samples of each 
sample were extracted on different days. In addition, multiple analyses were performed 
on each extract obtained. The results of replicate analyses of each sample have been 
calculated and presented as the mean values ± sd. These calculations were carried out 
using  Microsoft© Excel 2000 software. In the evaluation of results obtained when 
reference materials were repeatedly analysed, the coefficient of variability of a series of 
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values was also calculated using the following formula: 
6.14 Preparation of samples for vitamin determination 
The chemicals used for fortification as well as vitamin analysis using HPLC were of 
analytical grade, unless otherwise specified. In addition, for these purposes, ultrapure 
water was used and this was obtained using a MilliQ water system (supplied by Millipore 
Corporation, a division of Merck Millipore). Samples were prepared using a modified 
method based on that of Esteve and others (2001) and described as follows. 
Vitamins were extracted from microcapsules that had been spray dried at pH 3.5, 4.0, 5.0, 
6.0 or 7.0 as well as samples of food products into which microcapsules had been 
incorporated. Weighed  samples of approximately 50 mg of microcapsules or 50-80 g of 
food product  had 100 mL of 0.01M HCl added, followed by stirring for 3 hr. A 1 mL 
subsample was added to 100 mL of 0.01M HCl.  
All procedures were conducted at room temperature and aluminium foil was used to 
reduce exposure to light. A portion of this was filtered and a subsample of 10 mL was 
derivatised by adding 0.7 mL of 1% w/v ferricyanide freshly prepared in 15% w/v NaOH. 
Each tube was mixed for approximately 1min using a vortex mixer and then allowed to 
react for 30 min. The pH of the solution was adjusted to pH 7.0 using orthophosphoric 
acid (17% w/v). The resultant solution was filtered through a nylon membrane (0.45 µm), 
and a 100 µL aliquot taken for the determination of the vitamin content via RP-HPLC .  
6.15 Preparation of standards for vitamin determination 
Standards for thiamin and riboflavin (0.10, 0.25, 0.50, 0.75, 1.00, 1.25, 1.50 µg/mL and 
greater, if needed) were prepared in 0.01M HCl. Each standard was derivatised using the 
same procedure as that described for capsule extracts and analysed concurrently with the 
food samples. 
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6.16 Measuring vitamin content using HPLC 
After extraction, derivatisation and pH adjustment, the samples were prepared for HPLC 
analyses. The mobile phase solvent was a 50:50% w/v mixture of methanol:ultrapure 
water The HPLC (Shimadzu, 300 LC-GA, Kyoto, Japan) system was set to a flow rate of 
0.7 mL/min (temperature (22oC), time (0.2) and sensitivity (0.3)) which pumped the 
mobile phase solvent from a reservoir and mixed it with an injected sample before 
passing it into a Spherisorb C-18 column (Varian, C18A-Polaris, CA, USA) ; 5µm pore, 
260 mm longx 4.6 mm thick).  
Each derivatised vitamin sample was injected with a Hamilton HPLC syringe (100 µL) 
into the HPLC collector loop while the HPLC pumped mobile phase solvent. The lever 
was closed and the sample passed into the tubing, through the column  and into the HPLC 
UV-florescence detector (Hitachi, F105V, Japan). 
The HPLC detector was set to analyse excitation and emission wavelength intervals of 
thiamin (at 375 nm to 425 nm) and riboflavin (445 nm to 525 nm) respectively. As the 
sample passed through the column, the detector measured the vitamin fluorescence as a 
peak area based upon units of absorbance. At least four replicate determinations were 
carried out for each standard and test sample and the mean values calculated. 
6.17 Preparation of standard curves 
The peak areas of each individual standard were used directly and plotted using Microsoft 
Excel software and the scatter option was chosen with the concentration of individual 
vitamin standards on the x axis (μg/mL) and the corresponding peak areas on the y-axis.
A linear regression equation of the form [y = mx + c] typically gave the best statistical fit, 
and the fitted equation  and r-squared value was recorded. The analysis was repeated if 
the r-squared value was lower than 0.98. 
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6.18 Calculation of individual vitamin contents 
The average peak areas for each sample tested were then used in the calculation of the 
vitamin concentrations in each of the sample solutions using the best-fit linear equation. 
The appropriate dilution factor was applied, and allowance made for the original sample 
weight to express the result per kg of sample using the following equation : 
Where 
T = The concentration of vitamin calculated using the regression equation for 
the standard curve (expressed in μg/mL)
D = dilution factor 
Sw = amount of sample originally weighed (expressed in g) 
1000 = conversion factor so that result is expressed in units of mg of individual 
vitamin 
100 = conversion factor so that result is expressed per 100g of sample 
After determination of individual vitamin contents, the data were expressed on a dry 
weight basis, following the calculation described in Section 6.13.2. 
6.19 Calculation of vitamin recoveries 
The vitamin recoveries of thiamin or riboflavin from the microcapsules were expressed as 
a percentage using the following equation: 
Vitamin recovery (%)  = 
Amount of vitamin in capsules × 100 
Amount of vitamin used initially 1 
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Chapter 7 
Results and discussion: Evaluation of the procedures 
used in the preparation of Hokkien noodles from whole 
wheat flour and pulse flour blends 
The purpose of this chapter is to summarise the results obtained during the initial phase of 
this study. This includes the selection and evaluation of ingredients and the experimental 
procedures adopted. In addition, the results of the study incorporating a variety of pulse 
flours into an Asian noodle formulation are also presented. The results of sensory panel 
testing on the cooked Hokkien noodle products are also presented, and these allow a 
choice to be made of the most appropriate pulse to include. 
The potential for enhancing the nutritional profile of the product is described, particularly 
with regard to the macronutrient, protein. To further enhance the nutritive value of the 
noodles, microencapsulated thiamine (B1) and riboflavin (B2) were also included in the 
preparation of the noodles. The trials, and the chosen composition of the capsules and 
encapsulated vitamins B1 and B2, are discussed in Chapter 8. 
7.1 Introduction
In considering options for the incorporation of pulse flours into Asian noodles, it was 
decided not to include all of the possible pulse sources. It was realised that the blending 
of flours is more likely to produce appealing noodles, with acceptable taste, good textural 
characteristics, and colour, if the starch content of the cereal flour and the pulse flour 
were similar.  Hokkien noodles were the chosen model for this study because they are a 
well known commercial product. 
Whilst mung beans are not grown widely in Australia, there is increasing production, and 
mung bean starch is traditionally used to give specific textures to the popular translucent, 
or cellophane noodles. Therefore, samples of mung bean flours were included in the 
study. Chickpeas, Besan, Lentils and Soybean are also widely known for their high 
protein content as mentioned in Chapter 3, thus, these flours were also included in this 
work. In the initial phase, studying the incorporation of pulse flours in the Asian noodle 
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product, the formulation of the noodles and the shelf life were investigated. Different 
levels of incorporation of the various pulse flours with wheat flour were compared to 
achieve an optimal product. As part of these evaluations, cooking methods, quality, 
sensory panels, colour, texture, nutritional value and shelf life were measured and 
assessed in comparison to selected commercial products. 
 A set of four commercial Hokkien noodle products, as identified in Table 6.2, were 
purchased from a local supermarket. Each of the large Supermarkets (including Coles and 
Woolworths) as well as various delicatessens and specialty Asian markets sell these 
products. A wide range of styles are now available, and as it is beyond the scope of this 
project to evaluate all of these, it was decided to concentrate on one style. The selection 
of a specific noodle style for this project was based upon popularity and convenience.  
Hokkien noodles are widely advertised on TV and in magazines as a delicious food 
which is quick and easy to prepare. They can be used with many other ingredients 
incorporated in the recipe to enhance the finished product as a balanced meal. Since 
Hokkien noodles are popular and very well known to consumers of all backgrounds, the 
enhanced nutritional value in this range of noodle products would be of great value to 
consumers. Therefore, pulses added to this range of noodles would improve the 
nutritional status of the consumers, provided the product gains market acceptance.   
This study had 30 samples (#1-30, in Tables 6.12 & 6.13) of the plain Hokkien noodle 
samples prepared and duplicate samples of cooked and uncooked dough were batched up 
for assessment. These samples were assessed for their protein content, cooking yield, 
colour, texture, sensory evaluation, organoleptic observations and shelf life.  
. 
After several exploratory cooking processes, where duplicate of boiling and steaming 
processes was undertaken to prepare noodles samples, steaming was chosen as the 
preferred cooking method.   The results are presented Tables 7.4, 7.5, 7.6, 7.7, 7.8,7.9 and 
7.10 
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7.2 Noodle formulation and cooking procedures 
The general characteristics of the wheat and pulse flours used in this study are given in 
Tables 7.1–7.3.   Table 7.1 provides details of the wheat flour protein content, and Table 
7.2 the colour characteristics of the wheat flours. Table 7.3 gives details of the protein 
and moisture content of the six pulses employed in this study. The protein content of the 
Commercial products was obtained from the nutrition panel on the packet.  
Three types of wheat flour, as listed in Samples #1-6 in Table 6.12, were initially chosen 
to be incorporated in the preparation of the Hokkien noodles.  On the basis of preliminary 
experiments, Bakers wheat flour was then selected to be used in the blends, as it exhibited 
the highest protein content as listed in Table 7.1, and the results of trials incorporating it 
with pulse flours are listed in Table 7.4. 
Using the Bakers wheat flour substituted with pulse flours at various mixing ratios, a 
series of 30 noodle samples, as indicated in Tables 6.12 and 6.13, were prepared and 
processed. The wheat flour chosen, Bakers Strong Flour (Samples #1 & 4), had a 
reasonably high protein content based upon existing knowledge of the most suitable types 
of flour. Hokkien style noodles were prepared having levels of pulse flour replacement of 
10, 20, 30 and 40 % w/w combined with the selected wheat flour (Bakers Strong flour).  
In addition, a series of wheat flour-only noodles were made and assessed in parallel with 
the pulse-substituted samples, and the composition of the noodle mixtures is given in 
Table 6.12. The wheat flour-only noodles were made as a control (high protein strong 
flour) together with some noodles in which blends of wheat flours were used to provide a 
range of noodle characteristics in order to facilitate the comparison and evaluation of the 
mixed wheat/ pulse noodles. 
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Table 7.1 Compositional analyses of the wheat flours used for noodle 
preparation with dry weight as per 100g 
Flour Protein Moisture Ash Adj. Dry 
Protein 
Bakers flour 11.77 r 0.28 11.90 r 0.16 0.68 r 0.05 13.5 
Farina flour 9.96 r 0.22 11.29 r 0.25 0.69 r 0.07 11.3 
Blended flour 10.89 r 0.21 11.55 r 0.19 0.69 r 0.08 12.4 
Note All values are the mean of triplicate analyses and are expressed as mean r standard deviation, 
percentages (g per 100g, as is basis) 
Blended flour was a 50:50 mix of bakers and farina flours 
   Dry Protein as per dry weight of the pulse flour per 100g (as calculated) 
Table 7.2 Colour characteristics of the three wheat flours studied
 Flour L* a* b* 
 Bakers flour 90.76 ± 0.08 - 0.55 ± 0.03 + 9.44 ± 0.11
 Farina flour 92.96 ± 0.08 - 0.12 ± 0.01 +5.32 ± 0.05
 Blended flour 91.63 ± 0.02 - 0.35 ± 0.03 + 7.13 ± 0.06
     Note All values are the mean of triplicate analyses and are expressed as mean r standard deviation 
L*, (whiteness); a*, (redness); b*, (yellowness) 
Blended flour was a 50:50 mix of Bakers and Farina flours 
Table 7.3   Compositional analyses of the pulse flours incorporated into noodle 
formulations 
Pulse flour Moisture Protein Adj Dry 
Protein 
Mung bean 10.6 27.0 30.2 
Mung bean (roasted) 8.7 24.2 26.5 
Chickpea (Besan) 9.6 21.9 24.2 
Chickpea (Besan) roasted) 4.8 23.1 24.3 
Lentils (yellow) 8.2 27.0 29.4 
Soybean 10.9 34.9 39.2 
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7.3
 
7. 3
Evaluation of noodle 
characteristics 
Using the pulse flours at various degrees of incorporation with the Bakers wheat flour, a 
series of cooked Hokkien noodles were prepared and evaluated in terms of moisture 
content, protein content, cooking (boiled and steamed) yield, colour, texture and 
appearance. 
All 30 noodle samples, as detailed in Sections 6.12 and 6.13, were prepared as described 
in Section 6.3 of this study, which includes mixing of the dough, sheeting and cutting, 
and cooking by steaming for 9-11 minutes. (A DSC-7 calorimetric study confirmed that 
gelatinisation of the sample occurred within this time). After cooling, the samples were 
stored at < 4qC in vacuum bags for varying periods prior to assessment. Even at this 
stage, it was observed that each sample had distinctive characteristics. A series of 
duplicate analyses and assessments, including the determination of the moisture and 
protein contents of the flours and cooked noodle products, were then carried out on all 30 
samples to allow direct comparisons to be made between the various formulations.  
7. 3. 1   Protein and Moisture content of flours
Protein: The protein content of the cooked and uncooked noodles of the 30 samples, the 
pulse-flours (sample F1-F6), wheat flours (M1-M3) and commercial noodles (already 
cooked sample C1-C4) was determined via the Kjeldahl procedure (as described in 
Chapter 6, section 6.6.1) and the results are presented in Table 7.4.  The results of the 
samples were tested as shown in Table 7.4, Bakers strong flour (#1 & #4) had a higher 
protein content when compared to the other two flours (# 2,3 & #5,6) analysed. On the 
basis of the protein content, the Bakers Strong Flour was chosen for the preparation of the 
Hokkien noodles as the higher protein content is desirable to provide the maximum 
nutritional value, since an ideal protein content for Hokkien noodles is between 11 and 
12.5 % as stated in the nutrition panel on the package. For the pulse flours, Soy flour gave 
the highest average protein content of 32.9%, this was followed by mungbean, lentil then 
Besan (chickpea), as can be seen in Table 7.3. The results of the comparison are further 
explained in Section 7.4. 
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Table 7.4  Results of Moisture content and Protein content of the Cooked 
    and uncooked samples 
a data expressed as g per 100 g on an “as is” basis     b g per 100 g on dry weight basis.    
c. data expressed as g per 100g on uncooked dough with 30% moisture -adjusted to dry
weight basis
Sample Moisture aBoiled 
 Protein 
aSteaming 
Protein 
bDry Protein: 
Steamed  
Dry Protein : 
Raw Dough 
1 Bakers 59.2 7.0 7.7 18.9 21.1 
2 Farina 57.4 6.0 6.5 15.3 15.5 
3 Mix Blend 61.8 6.92 7.5 19.6 19.8 
4 Bakers (Dup) 63.8 7.1 7.8 21.5 21.8 
5 Farina (Dup) 60.19 6.1 6.7 16.8 17.2 
6 Mix Blend 52.53 6.3 6.6 13.9 14.5 
7 10% mung 55.6 7.5 8.2 18.5 18.8 
8 20 % mung 51.8 6.6 8.5 17.6 18.1 
9 30 % mung 57.0 5.9 10.4 24.2 24.5 
10 40% mung 56.8 4.3 11.3 26.2 26.6 
11 10% mung 2 54.4 7.4 7.7 16.9 17.2 
12 20% 54.8 6.2 8.4 18.6 19.0 
13 30% 53.8 6.1 9.5 20.6 21.0 
14 40% 55.0 5.9 10.1 22.4 22.8 
15 besan 10% 54.2 7.1 7.8 17.0 17.6 
16 20% 62.7 6.2 9.5 25.5 26.1 
17 30% 55.7 5.9 9.1 20.5 21.1 
18 40% 50.8 4.2 8.4 17.1 17.5 
19 besan 2 10% 58.5 7.2 8.1 19.5 20.2 
20 20% 57.3 6.3 8.8 20.6 21.0 
21 30% 53.7 5.5 8.8 19.0 19.4 
22 40% 51.9 4.8 9.1 18.9 19.2 
23 lentil 10% 50.1 7.1 7.5 15.0 15.5 
24 20% 52.8 6.2 8.3 17.6 18.0 
25 30% 54.5 5.6 9.8 21.5 22.0 
26 40% 52.3 4.5 10.2 21.4 21.8 
27 soy 10% 56.1 7.3 8.8 20.0 20.5 
28 20% 53.9 6.6 8.8 19.1 19.8 
29 30% 57.3 5.6 8.8 20.6 21.0 
30 40% 57.4 4.8 9.1 21.2 19.4 
C1 (tested) 63.5 nd nd nd  nd 
C2 (tested)      49.9 nd nd nd    nd 
C3 (tested)      54.3 nd nd nd    nd 
C4 (tested)      69.0 nd nd nd    nd 
F1 Mung 10.6 nd nd nd 30.2 
F2 Mung Roast 8.7 nd nd nd 26.5 
F3 Besan 9.6 nd nd nd 24.2 
F4 Besan Roast 4.8 nd nd nd 24.3 
F5  Lentil 8.2 nd nd nd 29.4 
F6  Soy 10.9          nd    nd nd 39.2 
M1 11.9 nd    nd nd 13.5 
M2 11.3 nd nd nd 11.3 
M3 11.6 nd nd nd 12.4 
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The protein content for lentils was in agreement with the literature value of 29% (Adsule 
and others 1996). The mung bean protein content was approximately 4% absolute higher 
than the literature value of 23% about a 16% difference (Augustin and Klein 1989).  
Oomah and others (2011) reported the protein content of mung bean dahl to be 26.6% 
which is close to the 26-30.0% protein in mung bean found in this study. The chickpea 
protein content was approximately 5% absolute higher than the literature value of 19%, 
about a 21% difference (Augustin and Klein 1989).  
However, Sotelo and Adsule (1996) reported the protein content of chickpeas to be 22.0% 
and it is quite close to chickpeas in this studies of 24%.and, Soybean is about 5% higher 
than the literature value  
7. 3. 2    Cooking yield
The cooking yield for each batch of Hokkien noodles prepared by steaming is given in 
Table 7.5.  The yield values were calculated using the approach and formula described in 
Chapter 6 (section 6.5). It can be seen that the cooking yields of the noodle samples are all 
greater than 100 % of the dough weight due to the products containing a significant 
amount of moisture absorbed during the cooking process. 
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Table 7.5 Steaming (Cooking) Yield of Samples 
Sample Sample weight (g) Yield (%) 
Dough steamed noodles 
1 351.0 503.6 143. 5
2 418.0 622.0 148.8 
3 440.2 584.0 132.7 
4 419.0 531.0 126.7 
5 441.4 585.0 132.5 
6 415.2 570.0 137.3 
7 422.0 541.0 128.2 
8 430.0 560.2 130.3 
9 443.7 579.6 130.6 
10 423.6 546.8 129.1 
11 439.8 576.0 131.0 
12 443.0 575.5 129.9 
13 467.0 618.9 132.5 
14 488.6 641.4 131.3 
15 458.4 603.1 131.6 
16 462.0 672.5 145.6 
17 492.5 689.9 140.1 
18 509.0 659.8 129.6 
19 416.6 560.9 134.6 
20 424.9 560.9 132.0 
21 436.1 575.2 131.9 
22 426.0 581.1 136.4 
23 468.1 510.2 109.0 
24 411.1 532.9 129.6 
25 431.1 508.2 117.9 
26 429.6 578.2 134 6 
27 438.6 565.0 128.8 
28 454.5 590.1 129.8 
29 424.3 601.8 141.8 
30 417.3 594.1 142.4 
7. 3. 3   Colour of Noodle dough and Steamed Noodles
The colours of the noodle doughs made from the pure wheat flours and those containing 
pulse substitutions are given in Table 7.6.   In addition, the colours of the steamed Hokkien 
products are given in the same Table for comparison. Oh and others, (1985) have reported 
that noodle colour originates from two main sources, fragments of bran and enzymatic 
browning products that accumulate during the processing of noodle dough. Enzymatic 
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browning in noodles increases with the increased extraction rate of flour, presumably 
caused by bran particles that contain a high concentration of oxidative enzymes, phenolics 
and pigments. In the present study the colour of the noodles became darker as the protein 
level increased. although it could be reasonably controlled by steaming the noodles at 
100˚C for 9-11 minutes which inactivated the discolouration enzyme as mentioned in the 
study by Oh and others (1985).  
Table 7.6 Colour characteristics of dough and steamed noodle samples 
Sample Dough  Steamed noodles 
L* a* b* L* a* b* 
1 84.11 -1.14 19.89 73.36 -1.78 13.83 
2 84.63 -0.65 16.39 76.80 -1.24 12.16 
3 87.26 -0.25 11.44 75.95 0.26 0.99 
4 84.70 -1.00 19.18 72.38 -1.21 19.89 
5 86.82 -0.75 14.75 65.45 -1.18 10.12 
6 86.79 -0.31 11.19 76.11 0.62 24.37 
7 79.92 -0.35 22.20 69.45 -0.40 16.98 
8 74.50 0.38 24.90 4.07 0.14 1.97 
9 69.98 1.29 28.32 65.09 0.48 16.84 
10 64.35 0.48 23.08 69.37 -0.38 21.77 
11 76.26 0.77 20.41 71.13 -0.07 19.40 
12 79.43 0.91 24.22 64.96 1.56 18.56 
13 77.76 2.16 27.95 61.01 2.57 21.04 
14 76.57 3.22 28.16 54.13 3.48 17.91 
15 82.18 -1.44 21.19 65.64 -1.08 14.75 
16 81.01 -1.57 22.81 60.96 -1.50 12.77 
17 80.61 -1.82 23.72 59.21 -1.35 13.06 
18 79.56 -1.95 24.07 63.34 -1.36 19.74 
19 81.10 -0.52 18.30 70.61 0.92 13.80 
20 73.87 -0.24 16.18 69.89 -0.34 2.59 
21 76.47 0.27 16.37 70.73 0.30 1.58 
22 74.28 0.49 19.34 67.83 0.03 14.42 
23 80.45 -1.19 2.20 65.79 -0.44 21.33 
24 76.99 -0.34 28.81 67.74 -1.27 21.24 
25 76.15 -0.13 32.42 70.22 -0.72 28.93 
26 74.49 0.41 36.97 65.10 -1.82 23.11 
27 78.30 -0.68 24.42 64.12 -1.38 17.29 
28 79.61 -1.14 27.18 63.03 -1.88 18.75 
29 76.22 -0.27 31.89 65.15 -1.42 19.56 
30 73.15 0.50 34.79 67.87 -1.74 25.98 
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A selected range of control sample doughs were examined to observe the changes in 
coloration which occurred while they were in storage at <4˚C. The discoloration proceeded 
quite rapidly, with darkening of fresh noodle sheets found to depend on the flour used and 
percentage of pulse incorporated, which may in turn depend on the varying water 
absorption characteristics of different flours.  
In terms of studying the shelf life, based on quality, texture and consumer acceptance, the 
focus was on the cooked samples, and the noodle coloration was measured and observed 
on the 30 cooked samples, as these are normally inspected prior to purchase by the 
consumer. 
All the processed samples were cooked at the optimum cooking temperature and time that 
had been established in earlier experimental trials. For the commercial products, the 
noodles were partially cooked, and their colour had been supplemented artificially. The 
noodles prepared in this research have no artificial colour added and the range of colours 
was quite appealing, as judged from the colour (L, a, b) test and the responses of the taste 
panelists.  
Colour in noodles is one of the more important criteria by which they are judged by the 
consumer, and the comparison of colour intensity between the samples prepared, and the 
commercial noodles, did not quite match due to the fact that the commercial noodles have 
artificial colours added.  The vital factor was that the colour of the noodle samples 
prepared here did not show any obvious deterioration and the intensity was maintained 
for about three weeks.  
7. 3. 4      Noodle Texture
The cutting stress values exhibited by the cooked Hokkien noodle products are listed in 
Table 7.7. The textures of all the samples were quite similar in their consistency, with 
stresses ranging from 2-3N, with the highest cutting stress being for a 40% mixture of 
Mung bean / 60% Bakers flour, with a cutting stress greater than 4N (Samples #10 & 14). 
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In the current research, only one method (cutting stress) has been used to evaluate the 
noodle texture.   
However, other methods, including resistance to stretching, could also be performed, and 
these values used to further asses the relationship between the measured parameters and 
the consumer perceptions of soft or firm. 
Table 7.7 Cutting Stress on samples 
Texture of cooked noodle samples 
(expressed as cutting stress in units of Newtons) 
Note -Sample tests were performed in duplicate 
Sample     Cutting stress 
1 1.62 
2 1.32 
3 1.21 
4 1.52 
5 1.22 
6 1.11 
7 Mung 2.01 
8 2.07 
9 2.30 
10 4.32 
11 Mung 
R 
2.42 
12 2.66 
13 2.73 
14 4.50 
15 Besan 2.52 
16 2.66 
17 2.81 
18 2.82 
19 Besan 
R 
2.20 
20 2.34 
21 2.61 
22 2.70 
23 Lentil 2.54 
24 2.65 
25 2.99 
26 3.20 
27 Soy 2.55 
28 2.65 
29 2.74 
30 2.92 
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7. 4     Relationship between Protein and Nutritive value of the
Uncooked and Cooked Noodles 
Table 7.4 presents the results of the protein determinations on the cooked and uncooked 
noodle samples (#1-30) which include the wheat flour only samples (#1-6), the blends of 
pulse and wheat flours (#7-30),  the pulse flour only samples (F1-F6, the dry protein 
weight from Table 7.3), and the wheat flour only samples (M1-M3, the dry protein weight 
from Table 7.1), and they are further discussed in Sections 7.4.1 to 7.4.7. 
7.4.1     Sample preparation 
The 30 noodle samples shown in Table 7.4, were prepared according to the blends 
mentioned in Section 6.3 in Chapter 6. The batches were then divided into uncooked, 
boiled and steamed samples in duplicate. 
7.4.2     The protein content in uncooked dough 
The uncooked dough (the noodle mixture) of the 30 samples contained approximately 30% 
moisture content, and so the protein contents were adjusted to a dry weight basis to give a 
protein content comparison before, and after, cooking.  In most instances, the protein 
content of the dry dough was very close to the protein content of the steamed noodle, as 
can be seen from the results in Table 7.4. 
7.4.3    Protein content determined in control samples with wheat flour 
sample only 
When the results of the protein content in the uncooked, dry, dough for the pure flour 
samples is compared with the dry protein content present in the steamed noodles, samples 
#1-6, there was relatively little variation, from dry dough to cooked product (adjusted to 
dry weight basis). These results for the wheat flours indicate that the protein derived from 
them is essentially in an insoluble form, and its content is maintained, regardless of water 
contact, during boiling or steaming of the noodle mixture. 
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 7.4.4       Loss of Protein in steamed noodles 
The results for the protein content of noodles prepared from the pulse blends cooked by 
steaming (Table 7.4) indicate that there were minimal losses, as evidenced by the pale 
colour and minimal cloudiness of the remaining steamed water.   In addition, the rinsing of 
the noodles (to clean them and give a better appearance before packaging) may lead to 
some small losses. Given what was available in the laboratory to prepare these noodles, 
which was not a commercial set-up, some loss of sample was inevitable. 
7.4.5       Comparison of protein content after it was cooked 
The results in Table 7.4 suggest that the amount of protein remaining in the cooked 
(boiling and steaming) samples critically depends on the water solubility of the protein in 
the pulse flour, as indicated by the fluctuation of the protein content in the noodles after 
cooking by boiling.  
7.4.6       The boiling method: 
In the case of the mung bean flour mixture, sample #7 in Table 7.4, containing 90% 
wheat flour + 10% mung bean flour, after cooking the noodles the insolubility of the 
wheat flour protein is expected to make the greater contribution to the overall protein 
content, as solubility losses of the 10% pulse protein would probably contribute relatively 
little protein.  In this case the Bakers boiled noodle had 7.0% protein, compared to 7.5% 
in the boiled blend, thus the majority of protein loss came from the soluble protein in 
contact with hot water. The strong wheat (Bakers flour) exhibited the highest protein 
content, indicating it contains a significant amount of insoluble protein.  Considering the 
pulse flour percentages, if the solubility of the protein was high with the boiling method, 
then the cooked samples are likely to show a low protein content.  
In contrast, sample #10 containing 40% mung bean and 60% Bakers flour exhibited a 
protein level of 4.3% when boiled. This clearly illustrated that the Bakers flour mix of the 
lowest content would probably have contributed the protein content, while the solubility 
of the 40% Mung bean protein was high with the boiling method, leaving the cooked  
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samples with a low protein content, as the soluble protein from the pulse was lost during 
the boiling of the noodles and was then discarded.  
The results of the protein analyses on the noodles obtained from the boiling method 
clearly showed significant losses of protein, so this method was deemed unsuitable, since 
it led to poor protein retention in the end product. Hence, this method was not chosen for 
the further preparation of noodles. 
7.4.7       The Steaming method: 
When all 30 of the noodle samples were cooked by steaming, the difference in protein 
content between the dough and the cooked noodle (on a dry weight basis) was relatively 
small, as can be seen in Table 7.4.  As there was minimal contact with water (only steam) 
and no discarding of the water, the nutritive value of the cooked noodle was maintained.  
Clearly, the boiling treatment of the noodles led to a significant loss of protein due to its 
solubility in hot water. Thus, steaming was chosen as the preferred method of cooking to 
minimise protein losses due to excessive contact with boiling water. It must also be 
stressed that the extent of protein loss due to dissolution will be affected by the manner in 
which the noodles are processed and cooked.   
7. 5 Sensory Panel Assessment of Steamed Noodles
All 30 of the plain steamed (cooked) Hokkien noodle samples were further assessed for 
their colour, texture and flavour by a sensory panel of eleven persons  and the noodle 
specialist, and the results are presented in Tables 7.8 & 7.9.  The ratings given by the 
members of the panel were allocated on a scale of one to 10, with one representing least 
attractive/desirable and 10 corresponding to maximum appeal for the characteristic under 
consideration. Note: All scores are mean values ± standard deviation –see Tables 7.8 & 7.9 
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Table 7.8 :   Results of sensory evaluation for samples of Hokkien noodles 
prepared under laboratory conditions ( n = 11 panelists) 
  Pure wheat flours = samples 1 – 6  Pulse blends = samples 7 - 30 
Sample Colour Texture Flavour 
1 Bakers strong 4.5 ± 1.6 4.8 ± 1.5 5.0 ± 1.8 
2  Medium 4.6 ± 1.6 4.0 ± 1.9 3.4 ± 1.0 
3  Soft 4.6 ± 1.7 4.4 ± 1.9 4.2 ± 1.5 
4  Bakers strong 5.3 ± 1.6 5.8 ± 2.0 4.9 ± 1.0 
5  Medium 5.2 ± 1.7 5.1 ± 2.3 5.4 ± 1.9 
6  Soft 4.7 ± 1.6 5.2 ± 1.3 4.6 ± 1.7 
7 Mung 10% 5.1 ± 2.0 4.2 ± 1.5 4.6 ± 1.2 
8          20% 4.8 ± 1.6 4.3 ± 2.0 4.4 ± 2.0 
9          30% 4.6 ± 1.3 4.2 ± 1.6 4.3 ± 1.6 
10     40% 4.8 ± 0.9 4.3 ± 1.5 5.3 ± 1.6 
11 Mung Rst 6.1 ± 1.2 3.9 ± 1.6 4.3 ± 1.6 
12 5.8 ± 1.0 4.3 ± 1.4 4.8 ± 1.4 
13 5.4 ± 1.9 3.8 ± 2.1 4.9 ± 1.7 
14 4.6 ± 1.8 4.1 ± 2.0 4.9 ± 1.8 
15 Besan 1 5.3 ± 1.4 5.1 ± 2.0 5.4 ± 2.0 
16 5.4 ± 1.4 4.4 ± 1.4 4.9 ± 1.6 
17 4.6 ± 1.3 4.1 ± 1.6 4.5 ± 1.3 
18 3.6 ± 1.2 4.5 ± 1.8 4.5 ± 1.1 
19 Besan 2 Rst 5.8 ± 1.7 4.8 ± 1.3 5.0 ± 1.3 
20 4.0 ± 1.4 4.4 ± 1.2 5.0 ± 1.4 
21 4.0 ± 1.0 4.8 ± 2.4 4.9 ± 1.9 
22 3.3 ± 1.6 4.3 ± 1.8 4.6 ± 1.1 
23 Lentils 5.5 ± 1.6 4.9 ± 0.8 5.3 ± 1.1 
24 6.0 ± 1.6 5.0 ± 1.9 1.7 ± 2.4 
25 5.4 ± 2.0 5.0 ± 2.2 5.3 ± 1.8 
26 6.1 ± 1.9 5.6 ± 1.5 5.4 ± 1.4 
27 Soy 5.5 ± 1.2 5.1 ± 1.5 5.1 ± 2.0 
28 4.4 ± 1.2 5.0 ± 1.4 5.1 ± 1.2 
29 5.2 ± 1.4 5.4 ± 1.4 5.4 ± 1.8 
30 5.8 ± 1.5 6.1 ± 1.1 5.4 ± 1.0 
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Table 7.9 :  Observations of the organoleptic attributes of samples of Hokkien 
noodles prepared under laboratory conditions in comparison with four 
commercial noodle samples (as assessed by Noodle specialist)  
Sample Observation 
1 Bakers Clear, firm and hard, normal noodle flavour and smell, good texture, 
darker in colour than #2 and #3 somewhat shiny. 
2 Soft Clear, very soft, normal noodle flavour and smell, good texture and 
Somewhat sticky, lighter colour, somewhat shiny. 
3 Mix blend Clear, moderately soft, normal noodle flavour and smell, slightly sticky, 
light yellow in colour. Somewhat shiny and lighter in colour than samples 
#1. 
4 Bakers Clear, hard and firm, normal noodle flavour and smell, good texture, 
darker colour than sample #2 and #3, somewhat shiny. 
5 Soft Clear, soft, normal noodle flavour and smell, sticky, good texture, lighter 
colour than sample #1 and #4 colour and shiny. 
6 Mix Blend Clear, moderately hard, normal noodle flavour and smell, slightly sticky, 
light yellow in colour. Somewhat shiny and lighter in colour than samples 
2 and 3. 7 10%  
Mung 
Firm, normal noodle with Somewhat of beany flavour and smell, good 
texture, attractive yellow in colour. Somewhat shiny.
12 Firm, normal noodle with Somewhat of beany flavour and smell, good 
texture, attractive yellow in colour. Somewhat shiny and darker than 11.
13 Firm, normal noodle with Somewhat of beany flavour and smell, good texture, 
attractive yellow in colour. Somewhat shiny. More beany, firmer and darker
than 11 and 12.
14 Firm, normal noodle with Somewhat of beany flavour and smell, good texture, 
attractive yellow in colour. Somewhat shiny. More beany, harder and darker
than 11, 12 and 13
15 Mung
Roasted
Firm, normal noodle with a hint of beany flavour and smell, good texture, 
attractive pale yellow in colour. Somewhat shiny.
16 Firm, normal noodle with a hint of beany flavour and smell, good texture, 
attractive pale yellow in colour. Somewhat shiny. Somewhat darker and 
beanier than 15.
17 Firm, normal noodle with a hint of beany flavour and smell, good texture, 
attractive pale yellow in colour. Somewhat shiny. Darker and beanier than 15,
16.
Sample Observation
18 Firm, normal noodle with some beany flavour and smell, good texture, attractive
pale yellow in colour. Somewhat shiny. Darker, beanier than 15, 16 and 17.
7 Soy  10%
ir , r l l  it  desirable flavour and smell, good texture, yellow 
in colour. Shiny 
8          20% ir , r l l  it  desirable flavour and smell, good texture, yellow 
in colour. Shiny 
9          30% ir , r l l  it  desirable flavour and smell, good texture, yellow 
in colour. Shiny 
10     40% Firm, normal noodle with desirable flavour and smell, good texture,  yellow 
in colou . Shi y  
11 10% 
mung 
roasted 1 
Firm, normal noodle with desirable flavour and smell, good texture,  
yellow in colour. Shiny
12 20% ir , r l l  it  desirable fl vour and smell, good texture,  yellow in 
colour. Shiny  
13 30% Firm, normal noodle with desirable flavour and smell, good texture,  
yellow in colour. Shiny  
14 40% Firm, normal noodle with desirable flavour and smell, good texture,  
yellow in colour. Shiny 
15 10% 
Besan 1 
Firm, normal noodle with desirable flavour and smell, good texture, pale 
yellow in colour. Shiny. Darker than #18 
16 20% Some speckles, firm and hard, normal noodle with a hint of beany flavour 
and smell, good texture, attractive yellow, shiny darker than #18 
 
17 30% Some speckles, firm, normal noodle with hint of beany flavour and smell, 
good texture, attractive yellow. Somewhat shiny. 
18 40% Some speckles, firm and hard, normal noodle with a hint of beany flavour 
and smell, good texture, attractive yellow in colour, shiny 
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19 10% 
Besan 
Some speckles, firm and hard, normal noodle with a hint of beany flavour 
and smell, good texture, yellow in colour, shiny darker than # 
20 20% 
Besan 
roasted 
Some speckles, firm and hard, normal noodle with a hint of beany flavour 
and smell, good texture, attractive yellow, shiny darker than #22 
21 30% Some speckles, firm and hard, normal noodle with a hint of beany flavour 
and smell, good texture, attractive yellow in colour, shiny  
22 40% Firm, normal noodle with beany flavour and smell, good texture, attractive 
yellow in colour. Somewhat shiny. 
23 Lentil 
10% 
Firm, normal noodle with some beany flavour and smell, good texture, 
attractive pale yellow in colour. Somewhat shiny. 
24 20% Firm, normal noodle with some beany flavour and smell, good texture, 
attractive pale yellow in colour. Somewhat shiny with speckles. Attractive 
yellow and slightly darker than 23. 
25 30% Firm, normal noodle with some beany flavour and smell, good texture, 
attractive pale yellow in colour. Somewhat shiny with speckles. Attractive 
yellow, darker than #26. 
26 40% Firm, normal noodle with some beany flavour and smell, good texture, 
attractive pale yellow in colour. Somewhat shiny with speckles. Attractive 
yellow 
27 Soy 10% Firm, noodle, strong beany flavour and smell, oily and lumpy texture, 
speckly, not favourable taste. 
28 20% Firm, normal noodle, strong beany flavour and smell, oily and lumpy texture, 
speckly, not favourable taste. 
29 30% Firm, normal noodle, strong beany flavour and smell, oily and lumpy texture, 
speckly, not favourable taste 
30 40% Firm, normal noodle, strong beany flavour and smell, oily and lumpy 
texture, speckly, not favourable taste. 
C1 Relatively oily, attractive bright yellow with attractive flavour, (additives and 
flavouring was added) 
C2 Relatively oily, attractive bright yellow with attractive flavour (additives and 
flavouring was added). 
C3 Relatively oily, attractive bright yellow with attractive flavour (additives and 
flavouring was added). 
C4 Relatively oily, attractive bright yellow with attractive flavour (additives and 
flavouring was added). 
Note: Pure wheat flours (# 1-6), Pulse blends (#7-30); Commercial C1-C4 
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From the results presented in Table 7.8, it can be seen that the overall sensory 
evaluation score was 5 ± 2 out of 10 for all the samples tested, indicating a similar 
acceptance for the pure wheat products and those blended with pulses.  
The same samples were also evaluated by one person with specific experience in Asian 
noodle characteristics and their comments are presented in Table 7.9. 
7.5.1     Panelist Evaluation 
The samples evaluated by 11 panelists that represented the general consensus of sensory 
evaluations for the consumers on Asian Hokkien style noodle characteristics, presented 
their evaluations in Tables 7.8. The Noodle Specialist presented the organoleptic 
attributes evaluations and comments in Table 7.9 for the validation and recognition of 
Asian style Hokkien noodle. On the basis of the evaluations provided by the both the 
panelists and the noodle specialist, on texture, flavour, colour and the overall appearance, 
it was decided that 6 0 % Strong Wheat (Bakers) flour blended w i t h 40 % Mung bean 
flour would be an appropriate compromise composition. 
This mixture had the most acceptable attributes for a Hokkien noodle, at about the 50% 
satisfaction level. Of the remaining pulses, Besan, Lentils and Soy exhibit a very beany 
taste, with the Lentils and Soy having an undesirable flavour which was not acceptable to 
the tasters.  
In addition, the texture of the Soy blend noodles was not attractive, and they were oily and 
had dark speckles throughout the noodles. Moreover, the starch content in the Soy was 
insufficient to provide an acceptable texture, resulting in lumpy noodles, which again 
provided a poor quality product. 
As noted from the comments in Table 7.9, the Noodle speciality taster found that the 
higher the percentage of the legume in the flour, the more distinct the beany flavour in the 
noodles. However, this was not seen as a major disadvantage for the Mung bean blended 
product.  
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7. 6     Shelf Life
Critical to the shelf-life of a foodstuff is the preservation protocol chosen, such as storage 
in a sealed bag under refrigeration at <4˚C, maintaining a certain moisture level, the 
inclusion of preservatives and/or using modified atmosphere packaging. Indications of the 
breakdown in product quality, and hence the limitations to its shelf-life, include the 
following; a slimy appearance, mould development, off-odour development, texture 
deterioration, colour changes, pH changes etc, which all detract from consumer 
acceptance. Table 7.10  provides details of the pH changes that occurred over a 21 day 
period for samples of Hokkien noodles stored in a sealed vacuum bag under refrigeration 
at <4˚C, maintained at a natural moisture level. 
Beginning at Day 1, the average pH of the Noodles prepared in this study was 7.3 ± 0.2  
(compared to an average of 8.2 ± 0.3 for the 4 commercial products ) which decreased 
(became more acidic ) to 6.4 ± 0.1 by Day 8 (compared to an average of 7.1 ± 0.2 for the 4 
commercial products ) and, finally, by Day 21, the pH had stabilised at 6.4 ± 0.2  
(compared to an average of 6.9 ± 0.3 for the 4 commercial products ).    Thus, the pH 
change over the 21day storage period was 0.9 units for the noodles prepared here, and 1.3 
for the commercial noodles.    This suggests similar changes were occurring in both 
products, although the noodles prepared in this work remained slightly more acidic than 
the commercial products chosen.   The latter fact may be advantageous for the noodles 
prepared here, since the slightly more acidic media are likely to retard the spoilage rate, 
and so enhance shelf life. 
The textures of the noodles appeared to be relatively unaffected after being stored in a 
sealed bag and refrigerated   at < 4oC.  This is an important factor from a consumer’s 
point of view, as they would expect the prolonged maintenance of texture for the 
noodles. To support this evaluation, additional sensory evaluations of the cooked 
noodles would be required to correlate the softness and firmness perceived by 
panellists/consumers with values measured by the Instron. 
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Table 7.10 Changes in pH of samples during storage (on days 1, 8 and 21)
Day 1 Day 8 Day 21 
Sample pH Weight pH Weight pH Weight 
1 Bakers 7.2 10.16 6.24 10.16 6.16 9.92 
2 Medium 7.32 9.98 6.31 9.98 6.16 10.09 
3 Soft 6.97 10.06 6.05 10.06 5.97 9.95 
4 Bakers 7.21 10.00 6.28 10.00 6.46 10.03 
5 Medium 7.12 10.05 6.15 10.05 6.26 10.16 
6 Soft 6.89 10.06 6.01 10.06 6.14 10.09 
7 Mung 10% 7.12 10.14 6.28 10.14 6.34 10.05 
8        20% 7.23 10.00 6.36 10.00 6.50 9.95 
9      30% 7.45 10.07 6.48 10.07 6.54 10 
10      40% 7.34 10.04 6.56 10.04 6.63 9.96 
11Mung Rst 7.45 10.11 6.38 10.11 6.31 10.17 
12 7.11 9.92 6.36 9.92 6.40 9.92 
13 7.45 10.09 6.41 10.09 6.57 9.9 
14 7.54 9.95 6.54 9.95 6.51 10.15 
15 Besan 1 7.42 10.03 6.38 10.03 6.40 10.14 
16 7.55 10.16 6.42 10.16 6.57 10.00 
17 7.11 10.09 6.5 10.09 6.51 10.07 
18 7.35 10.05 6.45 10.05 6.53 10.04 
19 Besan Rst 7.12 9.95 6.25 9.95 6.46 10.11 
20 6.98 10.00 6.19 10.00 6.15 9.92 
21 7.56 9.96 6.42 9.96 6.30 10.09 
22 7.7 10.17 6.45 10.17 6.31 9.95 
23 Lentils 7.12 9.92 6.27 9.92 6.64 10.03 
24 7.5 9.90 6.4 9.90 6.42 10.16 
25 7.35 10.15 6.23 10.15 6.27 10.09 
26 7.8 9.88 6.5 9.88 6.29 10.05 
27 Soy 7.64 10.02 6.34 10.02 6.28 9.95 
28 7.32 10.05 6.4 10.05 6.48 10.00 
29 7.6 10.17 6.53 10.17 6.28 9.96 
30 7.8 9.95 6.59 9.95 6.39 9.98 
C1 Fantastic 8.53 9.90 7.25 9.90 7.05 10.06 
C2 Gold Star 8.12 9.80 7.09 9.80 6.85 10.00 
C3 Wokka 8.33 9.93 7.33 9.93 7.20 10.05 
C4 Chun Yuen 7.82 10.10 6.77 10.10 6.42 10.00 
Note: The pH of the noodle samples was determined using the standard AACC procedure 
(AACC 1994a) described in Chapter 6 (section 6.6.3) using approximately 10g samples, 
homogenised with 100 mL distilled water. 
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7. 7.   General Discussion and Conclusions
The steamed Hokkien noodles prepared from the wheat/pulse flour mixtures were 
evaluated by a taste panel on the basis of texture, colour, flavour and appearance.  After 
consideration of all the results, and feedback from the tasting panel, it was decided that the 
optimum combination of wheat and pulse flours to be used in the vitamin fortification 
studies was a 60 % strong wheat (Bakers) flour plus a 40 % Mung bean pulse flour. 
The observations have also demonstrated that prediction of the expected protein 
content in the final cooked noodle was not straightforward, as it depends upon the 
relative solubility of the protein in pulses and its insolubility in wheat flours, and also 
on the manner in which the noodles are cooked. In addition, the results of the 
comparison between the uncooked noodles and those cooked by boiling or steaming 
demonstrated a minimal loss of protein content when they were cooked by steaming. 
Although, the Soy blend was shown to have the highest protein content, the flavour 
of this blend was not acceptable to the tasters, and so it did not provide a quality 
Hokkien noodle.  Thus, in consideration of the taste panel results, and the protein 
assay, it seemed that a suitable compromise flour composition should contain 40% 
Mung bean and 60% strong wheat, and the preferred method of cooking the noodles 
for a suitable end product is steaming.  
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Results and discussion:  Microencapsulation of thiamin and 
riboflavin by spray drying 
The purpose of this chapter is to describe and discuss the results of microencapsulation 
studies on thiamin (B1) and riboflavin (B2) obtained during the laboratory scale production 
and recovery of microcapsules prepared by spray  drying. Both of these vitamins were 
incorporated into a single capsule when spray dried. 
8.1 Introduction
The initial stage of this project was to validate the methodology for spray drying, and 
hence confirm the adequacy of wall materials used for microencapsulation. Currently, most 
of the research carried out on the microencapsulation of vitamins has focused on fat 
soluble vitamins such as retinols and vitamin D. Little work has been undertaken for water 
soluble vitamins apart from vitamin C, ascorbic acid, including a report on comparative 
methods of microencapsulating and release (Uddin and others 2001). The present approach 
was based upon work carried out by Zhao and Whistler (1994) whereby microcapsules 
composed of starch were prepared by spray drying. Duplicate production for each sample 
formulation was carried out. 
8.2 Moisture content of microcapsules 
Once the methodology was validated, microcapsules with different pH and core loading 
combinations were prepared. The moisture content was determined in duplicate for each 
formulation, and found to vary from 3.0 % to 5.4 %.  The results show that there is no 
apparent relationship between the moisture content of the different microcapsules 
depending on acidic pH or core loading (Fig. 8.1). These results are in agreement with 
those obtained by Loksuwan (2007) who observed moisture contents of 2.11 % to 6.00 % 
for spray-dried microcapsules of beta-carotene. Variation was obtained among the 
different samples, presumably due to the pilot scale production, that makes it 
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to control process replication. The mean moisture content of the first batch was 4.0% while 
the duplicate batch gave a moisture content of 3.8%. The overall moisture content was 
4.0%. This value correlates with other studies carried out where spray dried microcapsules 
gave a moisture content of 2-5%. 
. 
Fig. 8.1       Moisture content of microcapsules 
8.3 Recovery of microcapsules 
The average recovery of solid microcapsules was 73.3%, which agrees with the. work 
carried out by Hau (2008) who obtained an average recovery of 70%. Again, this low 
value could be due to pilot scale production. On a larger scale, higher recoveries would be 
expected.  In addition, there does not seem to be any correlation between core loading and 
pH on the recovery of microcapsules (Table 8.1). 
Core loadings 
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Table 8.1 Recovery of microcapsules 
(expressed as percentage values) 
Core loading 
(%) 
pH 
3 4 5 6 
5 75.1 71.8 73.2 73.4 
10 72.8 64.5 66.9 75.7 
15 74.5 74.9 76.3 80.2 
Note: Recovery was calculated from yield obtained following microencapsulation, in relation to the total dry 
ingredients used in the formulation. 
8.4 Capsular morphology
Surface morphology is one of the main parameters that need to be taken into account for 
optimum core material retention. Indeed, depending on whether the surface is porous or  
sealed, core material can easily escape from the wall material. The shape and uniformity 
of the microcapsules can also be observed thereby relating the behaviour of the 
microcapsules to their fluidity and finger-feel, and providing a general idea of their size 
distribution. For the purpose of this project, the microcapsules produced by spray drying, 
were stored in non-transparent and air-tight jars at room temperature until analysis by the 
Environmental Scanning Electron Microscope (ESEM). Prior to mounting the stubs 
loaded with microcapsules on the ESEM stage, each sample was thoroughly mixed for 10 
minutes to achieve homogeneity. 
8.5 General surface 
morphology vvi
Environme
All of the microcapsules prepared were examined in the ESEM and all had the same 
appearance as those prepared buffered at pH 6 with 15% core loading of thiamin (Fig. 8.2). 
The microcapsules formed relatively uniform particles, spherical in shape, and the general 
surface morphology showed excellent wall surface integrity. This corroborates the work 
described by Zhao and Whistler (1994) as well as Uddin and others (2001). 
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The diameters ranged between 20 to 50µm which correlates with the free-flowing and 
flour-like finger-feel of the microcapsules (running the fingers through the microcapsules, 
it is not clumpy and it had free floury texture). Studies have shown that these 
microcapsules possess a similar particle size range to flour thus facilitating their 
incorporation in flour dough mixtures (Chung Yew 2004). Moreover, the composition of 
the wall material and binding agents used have been focused on as inherent characteristics 
for determining the integrity of the wall surface of microcapsules, hence maximizing core 
material retention (Trindade and Grosso 2000; McNamee and others 2001). 
Fig. 8.2 General surface morphology of microcapsules at pH 6 with 15% core 
loading 
Image obtained using FEI Quanta 200 ESEM at magnification 500u 
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Although the integrity of the capsules was good and they had a coherent spherical shape, 
the microcapsules had prominent gaps between the starch granules (Fig. 8.3 (A). 
Nevertheless, some of the gaps appear to have been covered by the binding agent used, 
thereby trapping and protecting the thiamin inside and within the wall matrix as well. 
Improvement on the wall integrity such as determining optimum binding agent ratio 
could increase core retention. Too little binding agent would be insufficient to form a fine 
network upon drying to act as an entrapping agent (Gharsallaoui and others 2007).  
On the other hand, too much binding agent could lead to the agglomeration of the 
microcapsules and hence increase and spread the particle size range. Another 
enhancement would be to coat the surface with ionic salts such as calcium ions (Zhao and 
Whistler, 1994) which would add an additional layer to the microcapsules and hence 
increase core retention and protection. This approach could be quite beneficial and may 
be a means of protecting thiamin, thereby enhancing its stability and retention in food 
systems. 
A large number of micrographs were recorded in order to obtain an overview of the 
typical characteristics of the material produced during spray drying. Generally, few 
defects in the spherical structure were observed indicating that the microcapsules show 
good integrity. The appearance of most of the structures was consistent with that seen in 
Fig. 8.2 as well as Fig. 8.3 (A) in which a continuous layer of coating is seen on the outer 
surfaces of the spheres. This demonstrates the coherence and apparent effectiveness of 
spray drying as a microencapsulation technique. It is noted that a very small proportion of 
the microcapsules had some form of irregular shape and an interesting example is 
presented in Fig. 8.3 (B). This might indicate that the microcapsules actually have a 
structure consisting of a solid exterior with a hollow interior. If this were the case then 
the rice starch granules form a shell held together by the hydrocolloid binding agent.  
Very recent findings have been reported for hollow structures in which bacterial cells 
were found to be embedded in a whey protein matrix when spray drying was used for 
microcapsulation (Khem and others 2016). 
In addition, the micrographs show that the microcapsules clearly have protrusions of the 
rice starch granules. This indicates that the rice starch granules have remained intact and 
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did not undergo gelatinisation. According to Zhao and Whistler (1994), this is a pre- 
requisite for the formation of porous agglomerates and the current observations 
emphasise the importance of temperature control during the slurry preparation prior to 
and during spray drying. 
Fig. 8.3       Examples of the outer surface of microcapsules showing: 
(A) Gaps – sample pH 6 5% core loading
(B) Crater - sample pH 3, 10% core loading
FEI Quanta 200 ESEM at magnification 2500u (A) and 2000u (B) 
8.6       Effects of pH on surface morphology of microcapsules 
When the pH of the spray dry feed was buffered to values of 3.0, 4.0, 5.0 and 6.0, there 
was minor differences in the appearance of the resultant microcapsules as can be seen in  
Figure 8.5. The spherical shape, integrity and general appearance of the microcapsules 
remained esswentially the same. It is emphasised that the capsules chosen for the ESEM  
examination were selected at random . These indicate that there was a tendency for the 
microcapsule size to increase at higher pH values. 
In summary, the microencapsulation procedure developed here had been successful for 
the preliminary pilot study, and so can be utilised to study samples with different 
formulations. 
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Fig. 8.4 Effect of pH on surface morphology of microcapsules 
Microcapsules with 10% core loading and pH buffered at (A) 3.0, (B) 4.0, (C) 5.0 and (D) 6.0 
As seen with the FEI Quanta 200 ESEM at a magnification of 2000u 
8.7 Vitamin recovery 
Thiamin and riboflavin recovery from the microcapsules involved three stages; (1) the 
validation of the method of analysis, (2) the extraction of thiamin and riboflavin from 
the microcapsules and (3) the analysis of thiamin of riboflavin released from the 
microcapsules. For the purpose of this project, the method of analysis was based upon 
the HPLC method developed by Esteve and others (2001) while the extraction and 
assay of thiamin was based upon previous work performed by Chung Yew (2004). 
114 
Chapter 8 
115 
8.8 Selection of mobile phase for HPLC assay analysis
In HPLC analysis, the choice of an appropriate mobile phase is crucial in providing an 
efficient separation of the analyte(s) and a clear window for their detection. In the 
present work, a 50/50 v/v methanol/water mix was found to give a clear peak after 4 
minutes elution time as can be seen in Figure 8.5 . 
Fig. 8.5 HPLC chromatogram obtained from thiamin standard (0.6Pg/mL) 
8.9 Validation of vitamin analysis by HPLC
Standard solutions of thiamin and riboflavin spanning the concentration range from a 
blank up to 1µg/mL were injected at time intervals into the HPLC.   The study was 
conducted over a two-day period to prove the validity of the method, and hence its 
reliability. On this demonstration only thiamin was displayed. Identical samples were 
found to have repeated peak areas with a relative precision of less than 2%, except for 
the samples at the lower end of the thiamin concentration range, see Table 8.2 , 
demonstrating  that the methodology is quite reliable and robust.
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Table 8.2 Repeatability of HPLC results for thiamin 
Concentration of thiamin 
(Pg/mL) 
Peak areas 
Day 1 Day 2 Relative precision (%) 
0.0 0 0 0.0 
0.2 2160864 2666389 10.5 
0.4 6159501 5743642 3.5 
0.6 10728912 10458200 1.3 
0.8 12674912 12271528 1.6 
1.0 15474524 14987728 1.6 
From the data in Table 8.2, a standard curve was plotted for each day’s analysis to 
determine the linearity of the thiamin response and the consistency of the assay protocol, 
see Figure 8.6 for a sample plot which   confirms the  linearity of the response. Moreover, 
for both standard curves, the regression coefficient (R2) was greater than 0.98 indicating 
the regression line is an excellent fit to the data.  
Fig. 8.6      Standard curve for thiamin assay on Day 1 
              The Day 1 data is plotted above and gives the response relationship : 
 Peak Area  =   2 x 107 x [ thiamin, μg/mL ] 
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8.10 Extraction of vitamins from microcapsules
In order to determine the amount of microencapsulated thiamin and riboflavin the wall 
material needs to be disrupted to enable the entrapped thiamin and riboflavin to be released 
(Uddin and others 2001). The method of extraction was based upon the usual thiamin and 
riboflavin extraction from food and cereal, but it did not require an enzyme. Both of these 
vitamins were encapsulated together. The dephosphorylation step as only for thiamin 
hydrochloride as no thiamin phosphates were present. Moreover, trichloroacetic acid was 
unnecessary to precipitate proteinaceous material. The methods of extraction for both 
thiamin and riboflavin were stated previously in chapter 6.  
The extraction time was based on a preliminary experiment whereby a sample of 
microcapsules dispersed in 0.01M HCl was subjected to continuous magnetic agitation 
with assay aliquots being removed at different time intervals. The thiamin in each aliquot 
was then converted to thiochrome ( by oxidation ) for thiamin and subsequently analysed 
by HPLC.  Figure 8.7 clearly demonstrates that there was no significant improvement in 
thiamin and riboflavin recovery at extraction times greater than 30 minutes. This extraction 
time is of the same order of magnitude as found with various other foods (Uddin and others 
2001). 
Extraction time (minutes) 
Fig. 8.7 
Optimum extraction time of thiamin (B1) and riboflavin (B2) 
from microcapsules. Sample extracted with 0.01 M HCl and 10%
core loading of microcapsules. 
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8.11 Vitamin recoveries from fortified microcapsules
Once the method of analysis had been validated and the extraction procedures and time 
shown to be reliable and efficient, the different sample formulations were extracted and 
analyzed by HPLC. Each time a batch of sample was analysed, standard solutions were 
also run to construct standard curves from which the thiamin and riboflavin 
concentration could be calculated.  These vitamins were in the same capsule and results 
obtained were similar. Fig 8.8 demonstrated the vitamin thiamin recovery of 100%; the 
recovery from microcapsules were prepared at various pH values are demonstrated in 
Fig. 8.8. The main findings were that a formulation prepared at pH 3 gave maximum 
thiamin recovery, of 100%, independent of the core loading. Therefore, maintaining a 
pH of 3 during the microencapsulation process confers enough acidity for the stability 
of thiamin and riboflavin and to prevent its degradation. 
Fig. 8.8 Thiamin recovery from microcapsules prepared at different pH values 
Furthermore, with the exception of samples prepared at pH 4, with a core loading of 
15%, and pH 5, with a core loading of 10%, the results show that as the pH increases ( at 
a constant core loading ), less thiamin is recovered. This observation is consistent with 
the literature (Gregory 2008) which indicates that thiamin was unstable in alkali, see 
Table 4.1, and thiamin was quite stable in acid.  
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This can be explained by the molecular structure of thiamin, where, in acidic 
conditions, the free base form of thiamin is protonated by H+ at the N1 of the pyrimidine 
molecule without adverse change in its molecular structure (Gregory 2008), hence, 
protecting the thiamin molecule from ring opening to its thiol form that destroys its 
vitamin activity. 
Another important finding is that as the core loading increases, irrespective of the pH 
used to prepare the microcapsules, the thiamin recoveries increase, except for the pH 4 
sample with a core loading of 15%. Even though the recoveries are generally high, there 
seems to be a direct effect on thiamin recovery with respect to core loading and pH. 
Recovery from a 15% core loading was almost 100% while in the case of a 10% core 
loading, the less acidic the preparation of microcapsules, the less thiamin recovered.  
This was confirmed by experiment, whereby, the lowest thiamin recovery observed, for 
microcapsules prepared at pH 6 with a core loading of 5%, only returned a 70% recovery 
of thiamine.. This value, though lower than the other samples, can still be considered high 
in comparison to work described by Uddin and others (2001), who obtained recoveries 
lower than 50% for spray dried ascorbic acid, although it should be acknowledged that 
ascorbic acid is very prone to atmospheric oxidation, especially in solution, and this may 
partly explain the poor recoveries observed. 
Thus, increasing the core loading to 15 %, as opposed to the 10% suggested by Zhao and 
Whistler (1994), showed higher thiamin recoveries, especially for microcapsules prepared 
at pH 4, 5 and 6. 
As discussed before, fortified microcapsules prepared at pH 3 exhibited the highest 
thiamin stability. Thus, it may be suggested that if less acidic pH’s (4, 5, and 6) were to 
be used during the slurry preparation, higher core loadings could be applied to balance 
any losses due to the alkaline instability of thiamin, and hence give higher thiamin 
recoveries. The same preparation were conducted on riboflavin and have shown similar 
paterns.
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8.12
The two parameters considered in this project, the pH at which the microcapsules are 
prepared and their core loading with vitamin, can be combined to obtain an optimized 
thiamin and riboflavin recovery protocol for the spray-dried microcapsules. Thus, the 
contour plot shown on thiamin in Figure 8.9 was devised illustrate the change in recovery 
dependent on pH and core loading values . The plot demonstrates that excellent thiamin 
recoveries, greater than 95%, were obtained at pH’s lower than 3.5 and core loadings 
around 15% (the dark green contours show where the thiamin recovery is >95%).  
Therefore, any combination of pH less than 3.5 and core loading around 15% would give 
excellent recoveries. Fig 8.9 only exhibited thiamin core loading percentage at this point, 
as riboflavin exhibited the similar outcome. Even though lower thiamin  recoveries were 
obtained at less acidic pH and lower core loading, the thiamin recoveries were still greater 
than 70% (as seen by the absence of a dark blue contour). 
Fig. 8.9  Contour plot of core loading  vesus pH and their effect on 
thiamin recoveries 
Effects of pH and core loading on vitamins
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8.13     Summary of results 
In this section of the project, the microencapsulation procedure has been used to obtain 
satisfactory yields of the different formulation samples.  The surface morphology of the 
microcapsules was examined using ESEM and they were further characterised by their 
particle size distributions. They were found to be spherical in shape with relatively 
uniform particle sizes ranging from 20 to 50µm with barely any cracks or craters on the 
surface.  On the basis of the experimental results it was decided to concentrate on 
microcapsules prepared from a slurry at pH 3 - 5 having a core loading of 15 % vitamin 
content. 
The HPLC analysis using fluorescence detection proved to be reliable and efficient for 
the determination of thiamin and riboflavin in all the samples under consideration.  An 
extraction time of 30 minutes with 0.01 M HCl was found to be sufficient to give 100% 
recovery of thiamin   from microcapsules prepared at a pH less than 3.5 when a core 
loading of 15% was used. At pH’s 4, 5 and 6, overall recoveries were still good giving 
results of more than 70%. Also, there seems to be a decrease in thiamin recovery as the 
pH increases, which is amplified at lower core loadings. 
Both the B vitamins produced similar results with the same environment of obtaining the 
values through microcapsules extraction and HPLC methods. Upon repeated extractions 
and analysis of the standard riboflavin solutions, the overall stability of the method was 
found to be good. The peak value obtained showed relatively little comparison to 
thiamin. Furthermore,  the retention was quite consistent  over the same period of time. 
This provided confirmation of the general robust of the approached used.
8.14 Conclusion
The spray drying of a solution buffered at pH 3 containing rice starch as the wall material 
and thiamine (at a 15% core loading) gave good recoveries of vitamin fortified 
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microencapsulated products. The microcapsules were well formed and thiamin recovery 
was excellent. 
The approach described in this Chapter can be used as a guide for the optimization of 
spray drying conditions for microencapsulating thiamin as well as other alkali sensitive 
vitamins. 
8.15 Possible areas for further studies 
Although the outcome of this work has been very promising, further trials and additional 
analyses need to be carried out to confirm the results presented. 
Indeed, further experiments could be carried out on the optimisation of the wall materials 
used for the microcapsules, since although they were well formed and showed good 
integrity, further improvements to cover the gaps and reduce the occurrence of craters in 
the surface are warranted.   The aim of this investigation would be to form a complete 
film around the microsphere so that no core material would be exposed during their 
incorporation into a foodstuff.  Another approach could be the application of a secondary 
layer over the microcapsules, such as the use of calcium salts (Zhao and Whistler, 1994) 
which could be optimised for the required purpose. 
Another key area to investigate would be to examine the release rate of thiamin from the 
microcapsules. Although it is assumed that thiamin in the microcapsules will be as stable 
as when in its dry form (Gregory, 2008), this will not necessarily be so in food, or in the 
case of inadequate storage, since the release rate of thiamin would be affected by the new 
environment to which it is being exposed .Therefore, further work investigating the 
release rate of thiamin from the microcapsules under different storage conditions of 
temperature and relative humidity would be valuable. 
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Chapter 9 
The influence of pH and the concentration of wall materials 
during microencapsulation of thiamin & riboflavin  
The purpose of this chapter is to describe and discuss the results obtained when spray dried 
microcapsules containing both thiamin (B1) and riboflavin (B2) were prepared and 
characterised. 
The final section of this project describes the incorporation of vitamin B1 and B2 fortified 
microcapsules into final processing stage of uncooked noodle product (after the dough has been 
through series of mixing, cutting and sheeting), and an evaluation of the efficacy of the 
encapsulation process to preserve the vitamin activity during steaming and boiling, the process of 
making the noodles.  
 
9.1 Introduction
In order to protect the added vitamin B, B1 and B2 from degradation during food preparation 
and processing, the aim of this phase of the research project has been to further investigate 
strategies for vitamin encapsulation by spray drying, using a rice starch as the primary wall 
material to construct microcapsules in conjunction with alginate (A) and pectin (P) as wall 
binding materials. 
The specific objectives of the experiments have been: 
1. To evaluate spray drying as a technique to produce vitamin fortified
microcapsules for enhancing vitamin stability. This included:
(a) Preparing microcapsules over   a range of pH values (pH 3.5-7.0) composed
of rice starch and the hydrocolloids, alginate and pectin;
(b) Evaluating different combinations of binding agents, particularly alginate
with pectin, to determine whether the integrity of the capsule coating was
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enhanced; and, 
2. To characterise the microcapsules using :
(a) Environmental scanning electron microscopy (ESEM) to observe the coating
topography, its thickness, and the extent of coverage of the microcapsules;
(b) Laser light scattering to estimate the particle size distribution indicating the
range and uniformity of the capsules.
9.2 Preparation of microcapsules 
The use of a variety of wall materials has been described in the scientific literature for the 
preparation of microcapsules by spray drying. The approach selected for the current study was 
based upon that originally reported by Zhao and Whistler (1994), in which granular rice starch 
was suspended in a preparation of the hydrocolloid agents.  In the present work, alginate and 
pectin were the chosen hydrocolloids and the preparative procedures are described in Chapter 6. 
A series of experimental evaluations were performed varying either, the pH of the feed solution 
prepared for spray drying, or the relative proportions of alginate and pectin used in the feed 
solution. In describing the experiments, the ratios of alginate and pectin are described using the 
abbreviation A:P. 
Microcapsules were prepared on a laboratory scale providing approximately 37-42 g of each 
capsule preparation. In addition, microcapsules were prepared in the presence of vitamin B1 
and B2 and combinations thereof. In all cases, spray drying consistently resulted in moderate to 
high yields (75-86%) of the solid ingredients, which are satisfactory yields based upon the 
small scale of operation. The primary losses were probably caused by the presence of residual 
material that accumulated inside the chamber and could not be readily recovered. Once 
collected and weighed each batch of microcapsules was characterised for size, shape, integrity, 
coverage and vitamin content using the techniques described more fully in Chapter 6. 
In the context of the known effect of pH upon the stability of the vitamins, lower pH conditions 
are known to enhance the stability of vitamin B1 and B2, thus, preliminary studies explored the 
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feasibility of preparing hydrocolloid solutions at relatively low pH. It was found that the lowest 
pH at which it was possible to prepare the hydrocolloids for spray drying was pH 3.5, since 
below this, the viscosity of the hydrocolloids was too high leading to difficulties during spray 
drying. When A:P ratios higher than 1:1 were used in capsule preparation, the resultant 
hydrocolloid matrices were somewhat difficult to handle and the microcapsules were quite 
irregular with a predominance of agglomerated particles. Thus, a formulation prepared at pH 
4.0 and an A:P ratio of 1:1 was used for further evaluations, as this represented a compromise 
between instrument tolerances and consistency of capsule size, for studies of vitamin retention. 
9.3 The examination of microcapsule structural integrity using ESEM 
ESEM was again used to characterise the structures of at least four different batches of 
microcapsules prepared by spray drying.  ESEM was also used to characterise the 
microcapsule shape, the A- P matrix coverage around the rice granules and their size. Trials of 
composition of starch and hydrocolloids were examined. Some representative examples of 
microcapsular morphology are presented in Figure 9.1.  
9.4 The effects of pH on microcapsule structural integrity using ESEM 
During spray drying the pH of the medium containing the ingredients used to form the 
microcapsules can have a marked influence on the form and function of the product. 
Figure 9.1 presents the ESEM micrographs of microcapsules prepared at pH’s 3.5, 4.0, 5.0, 6.0 
and 7.0. At pH 4.0 it was observed that the A-P linked starch granules formed tighter and more 
cohesive matrices when compared to the other pH values tested and they were also more 
spherical with less particle fragmentation; a result which was similarly seen in the vitamin B2 
microcapsule micrographs, but not included here. 
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9.5       The pH results interpreted 
These results indicate that at a pH close to the pKa values of alginate and pectin (which have 
pKa’s of  3.3-3.5) the polysaccharide hydrogen-bonded interactions are stronger than at higher 
pH values, since, in the more alkaline conditions there is likely to be repulsion between the 
anionic polymer chains. This is supported by the fact at a pH of 3.5 for the alginate-pectin 
matrix, there is approximately a 50:50 balance between the charged and uncharged groups 
(–COO– and –COOH). Below pH 3.5 it was found that the viscosity of the ingredient solution 
was too high which made spray drying too difficult, but when spray dried at pH 4.0 an optimal 
matrix began to form. 
(a) pH 3.5 (b) pH 4.0 (c) pH 5.0
(d) pH 6.0 (e) pH 7.0
(f) 1.0A : 0.5P ratio (g) 1.0A : 0.8P ratio (h) 1.0A : 1.0P ratio
(f) pH 4.0 (g) pH 4.0 (h) pH 4.0
Figure 9.1 The influence of  the pH at which the microcapsules were prepared 
and the hydrocolloid ratio on capsule  morphology 
Microcapsules prepared  at different pH values (a–e), and various alginate/pectin ratios 
(f–h) at pH 4. 
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9.6     The effects of hydrocolloid combinations on vitamin enriched 
microcapsule  structure 
The nature and relative amounts of  hydrocolloids used can also affect the morphology and 
integrity  of the microcapsules prepared during spray drying.  . The ESEM micrographs in 
Figure 9.1 f-h indicated there was some differences when the ingredient feed solution was 
prepared at pH  4 with different hydrocolloid ratios (1.0 A : 0.5 P ; 1.0 A : 0.8 P ; 1.0 A :1.0P; 
1.0 A : 1.1 P ), and spray dried as described previously. 
At a 1:1 A:P ratio it was observed that the A-P linked starch granules formed a more 
cohesive matrix compared to those formed at other ratios (Figure 9.1, f–h). These 
microcapsule types were more uniform in shape, less fragmented, and a thicker layer of 
hydrocolloids formed around the rice granules.     A similar trend was observed for the 
vitamin B2 microcapsules, but the photos are not shown. 
9.7      The hydrocolloid results interpreted 
The optimal result for the 1:1 ratio of A:P can be explained on the basis of the  
physicochemical interactions of alginate and pectin which bind at ‘junction zones’ to 
interconnect the starch granules. This synergy has previously been observed when alginate 
and pectin gels are prepared in a 1:1 ratio of A:P (Hershko and Nussinovitch 1996), and 
occurs because the alginate and pectin chains interconnect to form extensively entangled 
hydrophilic strands which create a high viscosity aqueous medium (Zimmermann and others 
2008). 
In addition, the ESEM image (Figure 9.1) indicates that strands of alginate-pectin could 
function to stabilise the polygonal rice particles into an ordered structure. This image 
resembles the manner in which certain plants insulate starch granules with amylopectin in 
cell walls (Eliasson and Bergenstahl 2013). The behaviour of alginate and pectin as wall 
binding materials around starch granules in microcapsules may form similar structures.  
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9.8  The microcapsule morphology and size distribution 
The characterisation of microcapsule sizes can assist in understanding the capsules physical 
attributes and stability. The size distribution is also important in assessing the sensory 
properties that microcapsules impart to food texture and flavour. Thus, the microcapsules 
containing either B1 and B2 that had been prepared by spray drying were analysed by laser 
light scattering to determine their average sizes and size distribution, as described in Chapter 
6.   
9.9   The effect of pH and A:P ratio  on microcapsule morphology as 
   determined from  particle sizing 
The laser light scattering diffraction data illustrated in Figures 9.2 and 9.3 shows that in the 
pH range 3.5 – 7.0 , the vitamin microcapsules can vary in size from 10- 90 µm,  with very 
small or extra large particles contributing less than 5%  to the total.   Furthermore, the 
results show that when microcapsules are prepared to optimise the alginate-pectin binding; 
(i) at pH 4.0, they were consistently approximately 30-40 µm in diameter (See Figure 9.2)
or (ii) an A:P ratio of 1:1, they were 30-50 µm in diameter (See Figure 9.3) and the particle
size distributions of both were relatively uniform (Figures 9.2 and 9.3).
9.10 The effect of pH on microcapsule size and uniformity as determined 
   from particle sizing 
 The results in Figure 9.2, illustrate the particle size distributions observed for B1 enriched 
microcapsules prepared at different pH values. It should be noted that similar size 
distributions were observed for B2 microcapsules.  
For the B1 microcapsules at pH 3.5, the average size of the microcapsules (about 15 µm) 
was smaller than those at pH 4.0 (about 35 µm) while at pH’s greater than 4.0 there was no 
consistent trend in size, with values ranging from 25 - 40 µm with some distributions a little  
skewed. 
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Figure 9.2 The particle size distribution of thiamin microcapsules prepared at 
various pH values. 
It should be noted that similar size distributions of microcapsules were 
observed for the B2 enriched microcapsules. 
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Figure 9.3 The particle size distribution of thiamin microcapsules  
prepared at various hydrocolloid ratios. 
It should be noted that similar size distributions of 
microcapsules were observed for the B2 enriched  
microcapsules. 
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9.11     The effect of the A-P hydrocolloid ratio on vitamin enriched 
microcapsule size and uniformity as determined from particle 
sizing 
The results in Figure 9.3, show particle size distributions for B1 enriched microcapsules 
prepared at different A:P ratios. It should be noted that similar behaviour was found for 
B2 microcapsules. For the low A:P ratios (1.0:0.5  & 1.0:0.8), the average size of the 
microcapsules was about 20 ± 10 µm  and the size distribution, although narrow, was 
rather skewed.  At an A:P ratio of 1:1, the average size of the microcapsules was about 
40 ± 20 µm and relatively symmetrical, whereas at a ratio of 1.0:1.1 the average 
diameter was similar but the distribution was a little skewed. It should be noted that 
when these microcapsules were viewed in the ESEM they demonstrated thicker and 
more complete hydrocolloid coverage  around the rice starch particles. These findings 
are similar to those of a recent study which found spray dried ascorbic acid tended to 
form stable capsules having sizes in the range of 40-50 µm (Wijaya, Small & Bui, 
2011). 
9.12      The interpretation of the particle size g data 
The particle sizing data indicates that microcapsules formed at the lower pH tend to be 
stabilised by hydrocolloid binding to starch granules and also to form more uniformly 
sized microcapsules. The appearance of the vitamin enriched microcapsules prepared in 
the presence of a 1:1 ratio of A:P (Figure 9.1 h) suggests the hydrocolloid mixture 
confers improved structural integrity on the microcapsules. Hence, those prepared at pH 
4.0 with an A:P ratio of 1:1 tended to form fairly uniform sized microcapsules with a 
high degree of stability, allowing them to retain and protect the vitamin load within the 
spray dried hydrocolloid matrix. This composition contained 70% hydrocolloid (A:P; 1:1) 
and 30% rice startch ( binding agent). 
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9.13    The vitamin content of the microcapsules as determined by HPLC 
The B-group vitamins, B1 or B2, were extracted from the microcapsules using various 
chemical and purification techniques, and followed on to then quantified using the HPLC-
fluorescence. These methods were as described in Chapter 6, section 6.12 to 6.16. Vitamin B1 
was selectively derivatised to form thiochrome, and it, and B2, were determined by HPLC 
using fluorescence detection (B1 at 375 nm and 425 nm, B2 at 445 nm and 525 nm). Both 
vitamin B1 and B2 showed sharp and distinct peaks having reproducible retention times, which 
allowed reliable measurements in a single chromatographic run, even when both vitamin 
capsules were present simultaneously.
From the ESEM and particle sizing results previously described, it was expected that the 
microcapsules prepared at pH 4.0 with an A:P ratio of 1:1 would exhibit maximum vitamin 
retention. This expectation was confirmed when these microcapsules were subsequently 
analysed using the HPLC method and compared for single, and multivitamin, content, and were 
found to possess the highest vitamin retention rate.
From the ESEM and particle sizing results previously described, it was expected that the 
microcapsules prepared at pH 4.0 with an A:P ratio of 1:1 would exhibit maximum vitamin 
retention. This expectation was confirmed when these microcapsules were subsequently 
analysed using the HPLC method and compared for single, and  multivitamin, content, and were 
found to possess the highest  vitamin retention rate. 
9.14      The single and multivitamin capsules 
The results in Table 9.1 demonstrate that single vitamin microcapsules prepared at pH 4.0 
retained a moderate to high activity of approximately 62% B1 (at a loading of 1.0 µg/ mg) and 
82% B2 (at a loading of 1.5 µg/ mg) which is approximately 16% more B1, and 35% more B2, 
than for microcapsules prepared at other pH values. In a similar fashion, the multivitamin 
capsules (prepared at pH 4.0 using a 1:1 A:P ratio and equal loadings of B1 and B2)  exhibited 
a high level of vitamin retention, with72% B1 (1.15 µg/ mg) and 83% B2 (1.5µg/ mg) retained, 
as compared to single vitamin preparation. Given the daily recommended intake levels of 
1-3mg/day for both these vitamins, the enriched microcapsules have great potential to fortify 
foods, because of the moderate to high ability to retain the active vitamins, with laboratory  scale 
yeilds of 62-83%
high ability to retain the active vitamins, with laboratory scale yields of 62-83% .   
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Table 9.1 The effect of pH upon vitamin recoveries of the vitamins during 
microencapsulation by spray drying 
Values expressed as percentage recoveries 
pH B1 B2 
3.5 47.9 ± 0.1b 52.3 ± 0.1 
4.0 61.9 ± 0.1 82.6 ± 0.1 
4.0a 71.4 ± 0.1 82.8 ± 0.1 
5.0 45.7 ± 0.2 47.1 ± 0.2 
6.0 18.6 ± 0.3 20.0 ± 0.1 
7.0 3.6 ± 0.1 5.0 ± 0.1 
a  Capsules prepared with equal amounts of B1 and B2. 
b Results for vitamin recoveries are presented as the mean ± sd of replicate batches 
of spray dried capsule samples containing either 1.0 µg/ mg of B1 or 1.5 µg/ mg 
of B2. 
9.15    Microcapsule vitamin retention in fortified noodles 
In the food fortifying stage, the microcapsules prepared at several pH (3.5- 7.0) were 
added to noodle doughs at a rate of 213 mg/100 g which corresponds to approximately 
67% of the Australian recommended dietary intake (RDI). 
In this experiment, the vitamin content was measured in the control samples which were 
the initial wet dough, and the test samples were boiled or steamed at high temperatures 
(90-100qC; 1-2 mins).  The results of the vitamin analysis were re- calculated to express 
all values on a dry weight basis in order to provide valid and direct comparisons in the 
investigation of the protective properties of the microcapsules. The HPLC technique 
used to measure the vitamin content of the noodle samples were as described previously 
for the microcapsules, except that larger samples, of 50- 80 g of noodles were assayed 
and the filtration step was repeated until a clear solution was obtained (See procedure in 
Chapter 6). 
Chapter 9 
134 
9.16    Cooking method and Vitamin losses from Noodles  
To investigate the effectiveness of encapsulation to protect the vitamins from degradation 
during the cooking process, microcapsule preparations were added to the dough which 
had equilibrated to a final pH of 6.1. The dough pieces were then cooked in an 
appropriate manner, and the vitamin retention rates were determined following the 
boiling and steaming. The relative losses in vitamin content during the boiling and 
steaming of the noodles were compared, and the results are presented in Figure 9.4.  
Figure 9.4 Losses of thiamin and riboflavin in foods following incorporation of 
vitamin enriched microcapsules. Samples were subjected to boiling 
and steaming (100oC)  
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The production of Hokkien noodles containing both vitamin B1 and B2 using vitamin 
enriched microcapsules was undertaken and it was found that those prepared at a pH of 
4.0 in combination with hydrocolloids of A:P ratio of 1:1 had the greatest vitamin 
retention.  
Overall, after cooking, the noodles showed higher losses of vitamins when boiled than 
when steamed. During cooking at 60-90qC the starch begins to gelatinise and the 
microcapsules become embedded into the wheat matrix structures (Wójtowicz, 2011). 
It has been reported that heating for 30s – 2 min is sufficient to promote Alginate & 
Pectin links to form (Hershko and Nussinovitch, 1996), and so the cooking time 
employed for the noodles should have been sufficient for ‘cross linkages’ to form 
within the A/P matrix to support the microcapsule structure. 
9.17   Cooking causing subsequent loss in vitamin 
The enhanced retention of the vitamins during boiling was most apparent for the 
microcapsules prepared at pH 4.0 and an A:P ratio of 1:1 These fortified microcapsules 
showed a high retention for both B1 (47.7%) and B2 (45.9%) in comparison to 
microcapsules prepared at the other pH values, which overall retained 7-43%, and lost 
89-100% on average, of their vitamin content.
These results clearly demonstrate the superior vitamin retention of the microcapsules 
prepared at pH 4 with an A:P ratio of 1:1. 
During cooking, a similar trend was observed, when the microcapsules prepared at pH 
4.0 showed superior performance, with a high B1 (78.8%) and B2 (60.7%) retention 
rate compared to capsules prepared at the other pH values, which retained lesser 
quantities of the vitamins, 17-68%, and losing, on average, 40-74% of their vitamin 
content.  
These findings were similar to those in another study, where noodles fortified with 
vitamin B6 lost approximately 13-67% of their vitamin content during the dough 
drying, steaming, and boiling of the noodles (Bui and Small, 2012). 
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The findings in the current study indicate that the fortified microcapsules prepared at pH 
4.0 and with an A:P ratio of 1:1 have characteristics that enhance vitamin retention 
during the cooking stages. These characteristics are based on a rice starch wall material 
sealed by a thicker and more protective A-P capsular coating which can act as a barrier 
to environmental influences such a humidity, light sensitivity and aggressive media.  
In addition, by being able to perform the capsule preparation at low pH (high acidity) the 
vitamins will be in their more thermally stable forms. The vitamin percentage loss 
during cooking was greater in boiling water than steaming. During boiling, there was 
vigorous water movement and agitation which would reduce the integrity of the capsules 
and allow more vitamins to be dissolved by direct water contact. When the noodles are 
steamed, they are not agitated, and the steam simply heats the noodles to gelatinise the 
starch and cook the noodles evenly which minimises both water contact and vitamin 
loss. 
9.18.    Conclusions and recommendations 
The findings from this comprehensive study of vitamin fortification in microcapsules 
prepared by spray drying have clearly demonstrated the role that the pH of the 
preparation, and the choice of hydrocolloid binder have on the properties of the 
microcapsules isolated. 
Indeed, variations in the pH and hydrocolloid content can produce thicker or thinner 
layers that bind starch granules into different sized microcapsules with various surface 
topographies. Using a pH close to the pKa of the Alginate and Pectin hydrocolloids has 
allowed more robust and uniform sized microcapsules to form.  
Furthermore, the pH and hydrocolloid combinations can have a significant effect upon 
the retention rate of vitamin encapsulation, especially before and after the boiling and 
steaming of fortified noodles. The results also make it clear that the cooking methods 
greatly affect vitamin retention.  
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When the noodles were in contact with the boiling water, there were vigorous 
movements in the noodles (boiling and bubbling), thus causing rapid dissolving of the 
vitamins in the water which was subsequently discarded, so they were lost during the 
cooking.   
While steaming cooked the noodles in a much gentler way as the steam penetrated 
through the raw content of the noodles, while gelatinisation is happening, keeping the 
capsules integrity intact and protecting the vitamin contents by reducing the heat 
destroying the vitamins. 
The observations using ESEM and laser light diffraction to measure the microcapsule 
appearance and size distribution, have the potential to become diagnostic tests for 
determining the success of microcapsule synthesis and the effectiveness of 
microencapsulation procedures. 
In addition, the ESEM images clearly indicated that altering the pH and wall binding 
material combinations can enhance the binding in the microcapsule structures that 
enclose the vitamins. For example, when microcapsules were prepared by spray drying 
at pH 4.0 with an A:P ratio of 1:1, the matrix binding interactions within the 
microcapsules were strengthened, and thus the capsules formed a more uniform size 
(30-40 µm) distribution. 
The results of the HPLC experiments indicated the method is a quick, reliable and 
accurate technique to measure vitamin concentration from spray dried microcapsules 
and in some fortified noodles samples. Furthermore, the pH and hydrocolloid 
combinations can have a significant effect upon the retention rate of vitamin 
encapsulation such as before and after the boiling and steaming of fortified noodles. 
Finally, this study provides a basis for further research and another series of 
investigations are recommended using the same approach to microencapsulation as the 
current work. As the preliminary data indicates the pH is important to the stability of 
vitamins, as well as a range of encapsulating materials that encompass a wider range of 
pectin and alginate preparations.  
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Additives that vary the viscosity of the spray drier feed solution and ionic salts, such as 
those that provide calcium, might be included in a future study to enhance the protective 
efficacies of the hydrocolloids. 
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Chapter 10 
General discussion and conclusions 
10.1 Introduction 
The purpose of this chapter is to summarise the results obtained during the current study, 
draw final conclusions and make recommendations regarding noodle formulation and 
production with enhanced nutritional qualities. 
The final Hokkien noodle formulation selected produced a steamed product that had 
acceptable colour and taste. It was derived from numerous trials and combinations of 
different ratios of legume flours and wheat flours with a maximised protein content. In 
general, apart from good eating quality, consumers are also concerned that a food has a high 
protein content. The results from this study have revealed that the best compromise to 
accommodate these criteria to produce a Hokkien style noodle is a flour blend containing 
40% of mung bean flour and 60% of wheat flour .  
Legume protein is very water soluble and tends to be lost during the cooking process, so 
steaming was selected to maintain the optimum protein level.  Cost effectiveness is also 
important and includes the purchase value of the raw materials and the time and energy 
required to produce the final product. Mung bean flour was chosen because although it is 
more expensive than wheat flour, it was found to be the most complementary pulse to use to 
ensure the optimum protein and nutrition level.  
During processing there were losses of nutritional value from the noodle. The loss cannot be 
avoided, but supplementation can help retain a level of nutritional value. At this stage, due to 
time frame, thiamin (B1) and riboflavin (B2) were selected for this study. Various 
hydrocolloid coatings were examined for microencapsulation in conjunction with a base of 
rice starch.  Some capsule materials had better microencapsulation production yields and 
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withstood the noodle processing but not the cooking process.  Some gave poorer 
microencapsulation production but withstood the noodle processing and cooking process. 
In addition, the selected microcapsules with the highest integrity were incorporated into the 
final stage of the uncooked noodle product after it has been through a of series of mixing 
cutting and sheeting, so as to eliminate possible damage to the microcapsules. In this case,  
as cost effectiveness was important, the optimum result for both the microencapsulation 
productivity, and the ability to withstand the harsh condition of noodle production and 
cooking, was found to be the use of a rice starch wall material. This was combined with an 
alginate/ pectin blend to bind the rice starch coating. Fortification of the microcapsules with 
vitamin B1 and B2 was readily achieved to supplement the vitamin content of the noodles.  
The microcapsules was easily accomplished by spray drying the mixture of the vitamins 
with a blend of the rice starch (30 %) and hydrocolloid: A:P in a solution at pH4.  
Steaming cooking method was selected for the noodle processing as it assisted with the 
protein contents and vitamin retention. There was no agitation and no water contact, while 
the steam gently cooked the noodles, the starch gelatinised evenly and there was no 
nutrition loss. The final product was then rinsed in cold water, oil coated (to prevent sticking 
the noodles for sticking together and gave a better appearance), vacuum packaged and stored 
undisturbed in a refrigerator at < 4 oC.  
The samples were than examined over a three-week period, to ascertain their shelf-life. 
Triplicate batches were removed for periodic testing which indicated the noodles remained 
edible and fresh with minimal degradation in that time. The results indicated that the shelf-life 
had risen from a normal 8 days to 14 days or more without any specific packaging. This 
project now provided many avenues to explore for the future supplementation of foodstuff 
staples. The noodle formulation developed here can thus provide a balanced diet for 
vegetarians, as they can obtain the full range of amino acids in this staple noodle which is 
also very nutritious. 
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10.2    Possible areas for future research
This study has concentrated on fortification of Asian noodles with the selected B group 
vitamins, vitamin B1 and B2. It would be of value to extend this work to other flour and 
cereal grain foods and to other nutritional components, including other vitamins. One 
specific example is steamed breads, which represent a staple food in parts of Asia 
including northern China.  
Typical formulations contain ingredients which would be expected to result in alkaline 
conditions in the product. Accordingly, studies of these products may also provide 
further insights on the nutritional value of flour-based foods. It is known that cereals can be 
a significant source of niacin in the diet, and although this is regarded as a relatively stable 
vitamin, further studies are recommended. Such work may also lead to a reassessment of 
our understanding of the adequacy of nutrient intakes and the impact of processing. 
Another issue highlighted by the studies reported here is the paucity of information on the 
nutritional status, particularly regarding vitamin B1, for the populations of both developed 
and developing nations. The general view that both clinical and subclinical deficiencies 
continue to exist even where fortification has been practiced for many decades is an issue 
of broad concern. 
In the context of nutritional value, milling of the wheat grain is known to be important. 
Although this issue was outside the scope of the current study, further research may 
now be warranted. It is well established that milling extraction rates directly affect the 
content of vitamins and other nutrients in white flours. The low B group vitamin contents 
of commercial Asian noodles found in the current study may reflect the low milling 
extraction rates used for Asian noodle manufacture (Miskelly 1993; Nagao 1995a).  
There is a lack of recent published data on the vitamin contents of milled flours of 
varying extraction rates. This may be a significant issue for further research because there 
have been many technological developments in grain milling since the early data were 
published. Milling technology and practice may allow greater vitamin retention in flours.  
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There are further reasons for a reinvestigation of the impact of milling on vitamin 
contents in flour. One of these is the increasing evidence that folate is important 
nutritionally, and the ongoing reassessment of the dietary sources of this nutrient, and the 
desirability of fortification for women considering child-bearing, as well as the 
population as a whole. 
A second issue is that the published data on flour milling have relied on out-dated analytical 
methods, so that advances in analytical techniques may result in significantly more reliable 
results which could ultimately lead to different conclusions. This is reinforced by the 
findings of the current study that optimisation of extraction and analysis procedures is an 
important consideration, particularly for folate. The procedures validated and adopted here 
would form a useful basis for further studies in this area. 
In some parts of the world, fortification has been used to address the problem of 
dietary deficiencies of some vitamins and other nutrients in the food supply (Borenstein 
and others 1991; Iannarone 1991). A number of issues arise here. In the current study 
yellow alkaline and instant noodles were prepared from a commercial flour that had been 
fortified with vitamin B1 to meet Australian legislative requirements (minimum of 6.4 
mg/kg).  
The losses of vitamin B1 during production of both yellow alkaline and instant noodles 
were found to be relatively high. For yellow alkaline noodles the losses were so great as 
to leave insufficient vitamin B1 for this product to be considered a useful source of dietary 
vitamin B1. Thus, another area for further research may be to further assess ways to 
enhance the effectiveness of fortification of these products. The relative stability of 
different fortifying agents including thiamin hydrochloride could also be pursued. 
The findings of this study provide a strong basis of knowledge for further 
investigations aimed at the development of strategies for enhancing the stability of 
vitamins in Asian noodles. As different factors are important in the cases of particular 
vitamins, and related to specific styles, it is likely that a variety of different strategies will 
need to be considered. One possible way in which vitamin stability might be enhanced is 
the technology of encapsulation.  
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The general approach has been applied widely to pharmaceutical products. More recently 
microencapsulation has been used for food ingredients, and one of the earlier 
applications has been in the area of flavouring of food products. Varying techniques, as 
well as encapsulating agents, are available to suit different purposes (Versic 1988) and 
the use of encapsulation continues to expand (Gibbs and others 1999; Augustin and others 
2001).  
Currently there are no specific reports describing the use of encapsulation for 
enhancement of vitamin stability in food products although the potential of the approach 
has been mentioned in reviews of the subject (Nordmark 1999). It is strongly recommended 
that further work be carried out to investigate the potential of microencapsulation of B 
group vitamins to enhance their stability and availability. Based on the factors identified 
here as influencing stability, the manipulation of the pH environment within microcapsules 
may be useful for both vitamin B1 and B2.  
Although high temperature processing resulted in losses of both the B group vitamins, a 
combination of microencapsulation reagents might be found which would result in 
enhanced stability during heating. Thus, for example, during the extraction and analysis of 
vitamin B1, the use of solutions at pH 1 allows the application of autoclave temperatures 
for 20 min without loss of the vitamin. Further work is warranted, as microencapsulation 
potentially offers a solution to the losses in the vitamins, particularly at higher pH 
values and even those occurring during high temperature processing. 
In conclusion, there have been rapid developments in our knowledge over recent years 
in the areas of noodle processing and packaging, as well as the factors that influence 
their appearance and consumer appeal. The research reported here is the first systematic 
investigation of vitamin B1 and B2 vitamins and their stability in these foods. 
It is hoped that this work might form the basis of further studies of Asian noodles and other 
food products, ultimately leading to the enhancement of their nutritional value. It appears 
that much remains to be done to ensure adequate nutrition for our expanding world 
population. 
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Appendix 1 Label information for commercial Hokkien noodles 
 
Component/ 
parameter 
Units Chun 
Yuen 
Gold 
Star 
Fantastic Wokka 
Energy kJ per 100g 660 892 804 495 
Protein g per 100g 4.9 6.9 6.9 4.9 
Fat g per 100g 1.4 2.0 2.8 0.5 
Total carbohydrate g per 100g 30.2 41.2 34.3 23.1 
sugars g per 100g 0.1 0.7 0.6 < 0.1 
Sodium mg per 100g 77 225 122 50 
Potassium  nvp 54 nvp Nvp 
 
Note: nvp indicates no value presented 
 
Ingredient lists 
Fantastic: Wheat Flour, Water, Salt, Vegetable Oil, Colour (160a, 160b, 100), 
Thickener (405), Mineral Salts (500, 501, 341), Preservative (202) 
Wokka: Water, Wheat Flour, Canola Oil, Humectant (422). Salt. Acidity Regulator: 
(575), Colours: (102, 110) 
Gold Star: wheat flour, water, lye water, natural colour E100, preservatives (300) 
(281), canola oil for coating. 
Chun Yuen: wheat flour (72%), water, vegetable oil, noodle improver, emulsifying 
salt (451, 450) , thickener (415), preservative (202), lye water, baking powder, colour 
(101, 102). 
 
 
Note: The names of the additives declared using the number codes in the ingredient 
lists are listed in Appendix 2. 
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Appendix 2 Identification of food additives listed as ingredients of commercial 
noodle samples 
 
Additive (E) 
number 
Additive name Function 
E100 Curcumin or turmeric natural colour 
101 Riboflavin colour 
102 Tartrazine colour 
110 Sunset yellow FCF colour 
160a Carotene colour 
160b Annatto extracts colour 
202 Potassium sorbate preservative 
281 Sodium propionate preservative 
300 Ascorbic acid preservative 
341 Calcium phosphate, dibasic or calcium 
hydrogen phosphate 
mineral salt 
405 Propylene glycol alginate thickener 
415 Xanthan gum thickener 
422 Glycerin or glycerol humectant 
450 Sodium pyrophosphate emulsifying salt 
451 Sodium tripolyphosphate emulsifying salt 
500 Sodium carbonate or bicarbonate mineral salt 
501 Potassium carbonate or bicarbonate mineral salt 
575 Glucono δ-lactone or glucono delta-lactone acidity regulator 
 
Notes: The functions listed are those declared by the manufacturer of the product 
Source of information was Food Standards ANZ 2015a 
Some additives were presented in the ingredient lists on the basis of their names and 
therefore these have not been included in this table 
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Appendix 3 Compositional data for Asian noodles from the NUTTAB database 
(Food Standards ANZ 2015b) 
 
Noodle, wheat, Asian style 
 
Food ID: 02A10331 
Optional Name: Hokkien noodles 
Scientific Name:  
Description: Commercially prepared, moist, wheat based noodle, commonly used in Asian style 
cooking. Includes noodles described as Hokkien, Singapore and Chow Mein noodles. 
Typical ingredients other than wheat and water include salt, tapioca flour, vegetable 
oil, colours and preservatives. 
Group: Cereals and Cereal Products: Noodles and Pasta 
Derivation: Analysed 
Sampling Details: The majority of nutrients were derived from a composite sample of 8 purchases of 
chilled and shelf stable wheat noodles (2x Wokka, 2x Changs, 1x Fantastic, 1x Kan 
Tong, 1x Goldstar, 1x No 1 Foods) purchased in Melbourne in January 2006. 
Cholesterol was imputed as 0. 
Reference: National Measurement Institute. (2006) Australian Iodine Program. Commissioned 
report to Food Standards Australia New Zealand. 
Edible Portion: 100% 
Inedible Portion: nil 
Fat Factor: 0.92 
Nitrogen Factor: 5.7 
 
 
Nutrient Value per 100 g 
Proximates    
Energy, including dietary fibre  608 kJ 
Moisture  62.6 g 
Protein  6.3 g 
Nitrogen  1.1 g 
Fat  1 g 
Ash  0.2 g 
Dietary fibre  1.7 g 
Fructose  0 g 
Glucose  0 g 
Sucrose  0 g 
Maltose  0 g 
Lactose  0 g 
Galactose  0 g 
Total sugars  0 g 
Starch  26.5 g 
Available carbohydrate, without sugar alcohols 26.5 g 
Available carbohydrate, with sugar alcohols 26.5 g 
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Appendix 3 Compositional data ……. continued 
 
 
Nutrient Value per 100 g 
Minerals 
Calcium (Ca) 13 mg 
Copper (Cu) 0.094 mg 
 
Iodine (I) 4.7 ug 
Iron (Fe) 0.41 mg 
 
Magnesium (Mg) 8 mg 
Manganese (Mn) 0.25 mg 
 
Phosphorus (P) 40 mg 
Potassium (K) 19 mg 
 
Selenium (Se) 6 ug 
Sodium (Na) 100 mg 
 
Zinc (Zn) 0.3 mg 
 
Vitamins 
Thiamin (B1) 0 mg 
Riboflavin (B2) 0 mg 
 
Niacin (B3) 0 mg 
Niacin Equivalents 1.05 mg 
Pantothenic acid (B5)  0 mg 
Folate, natural 0 ug 
Total folates 0 ug 
 
Dietary folate equivalents 0 ug 
Alpha carotene 0 ug 
 
Beta carotene 0 ug 
Beta carotene equivalents 0 ug 
 
Retinol 0 ug 
Retinol equivalents 0 ug 
 
Alpha tocopherol 0 mg 
Beta tocopherol 0 mg 
 
Vitamin E 0 mg 
 
Fatty Acids 
Cholesterol 0 mg 
 
 
 








